
Impmved Sburdards for Dd.rmining Rejected Takeoff and L r n d i  Perfomam 

Adopted: Fcbruay 10,1998 

FOR FURTHER lNF0RMATK))J CONTACT: Donald K Stirmoa, FAA Airplane & Fiightaew Interface 
Branch (ANM-Ill), Transpar Akpkne Dhaome Airuaft cenik&n Savicc 1601 Liad Avenot SW, 
R.enm, WA 980554056; oelephoae (425) 227-1 129, facsimile (425) 227-1320. 

. . 
SUPPLEMENTARY H F O W I T W  &I copy of tbis Damra m y  be domkdcd usiy 
amodemudsrritabk~crtions~~tbcFAA~Kcti0110ftbtkdW~el#rromc 
bull& board tQvict (- 202-512-1661) tk FAA's A-00 RutmuhDg Advisay Committte 
BulleQl Boad Javice (ttlephorpc: WAA-ARAC). 

Any perscm may obtain a copy of this finJ nrk by submining a request to the Fedarl Aviation 
Adminisdon. Office of RuiemaLing (ARM-I), 800 Iadcpendaroc Avann SW., Wa&ingma DC 20591, 
or by calling (202) 267-9680. Communicrnons must identify the rmmdmcm rmmbq or drvamcm ntlmkr 
of this final rak. 

The FAA's definitioas of d entidcs may be rrrated dmugb dw FAA's web page Ihtrp'JI 
w w w . f a a g o v / r v r / r r m / ~ ) ,  by amaaiag a local FAA official a by comr~ng dw FAA's Small 
Entity Cham listed below. 

If you am a small cndty a d  have a qocstioa contau your local FAA o w .  If you do not 
know how tocampa your local FAA ofiicizL you may c o n t o a ~  Brown, Pmgxam AnrlynSPff. 
offie of Rukmalring (ARM-27). Avi.riOa Abninisprdon. 800 Indepeodtna Av- SW., 
Washin- DC 20591, 1-888-551-1594. Intuna users can find a d d i t i d  informiion an SBREFA 
in the "Quick Jump" section of the FAA's web p a p  a hapJhvarar.faagov and may send elecoonic 
inquiries to the following iDtenrt addnss: 9-AWA-SBREFA@frrdagov. 

Th#e amdmmts are M on Notice of Proposed Rukmakmg 0 93-8. which was published 
in the Fedend Regincr on July 8, 1993 (58 FR 36738). In rbu wti# the FAA pmpoded lmcadmems 
to 14 CFR pans 1, 25, 91, 121, aad 135 to improve the cnndacLc for dcDarmmng 

. . tbercelaate- 
stop and la~ding dist~nces for mrnspon category a i r p h .  The FAA W v e d  over 100 cammus from 
22 different commmurs on the proposals contained in NPRM 93-8. As a rrsllh of these commmts 
rhc FAA has modified some of the OZisinJ propoulr 
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As explained in NPRM 93-8, the opaatar of a turbine-powered category airplane must derarnine 
that the runway being used plus any available stopway or clearway, is long enough to either safely 
continue or reject the takeoff hxn a defined galno-go point The go/no-go point occurs while the airplane 
is accelerating down the runway for takeoff when the airplane reaches a speed known as VI. 

To assure rhat the takeoff can be safely continued from the gdno-go poinf the lengg of the runway 
plus any clearway must be long enough for the airplane to nach a beight of 35 feet by the end 
of thar disrance, even if a total loss of powa from the most critical engine occurs just before rcacbjng 
theV~speed.ThisdistanceiS~~mmOPliyrrfarrdtoa~theacceltratc-g~distazlce. 

In case the pilot h d s  it naxsary to rejea the takeoff, the nmway plus any stopway must k 
long enough for the airplane to k accelerated to the VI speed and then brought to a complete stop. 
T h i s ~ i S l r n 0 W n a s t h e ~ a ~ t ~ - - d i s t a n c e .  

PREAMBLE TO AMENDMENT 91-36 PART 91 

runway length. Thenfore, the proposed landing distance rule change was not expected to have a significant 
effect on the number of passengers or amount of cargo that can be carried. 

For more tban ten years, tk FAA has been coopaaring with the Joint Avialion Authorities (JAA) 
of Europe to promote bhonization between the FAR particularly the airworthiness standards, and the 
European Joint Aviation R q u k m u  (JAR). The airaaft carificarion authorities of 23 hopem countries 
are members of J M  An annual meeting is held ktweeo FAA senior management officials and scnior 
management officials of the JAA memkr authorities to idermfy technical subject areas wbae coopaation 
is needed to promore grcaru hermoDizarion between the FAR of the United S*u# and tbe Eumpean 
JAR. A large polrion of these mceLiOgs have been apen to the public. A comprehensive study of tbis 
activity was compiettd by Rofessar Gewge A Bamann. Columbia Univusity School of Law, in May 
1991 as a CO~~SU~~SUU to tbc Ad ' ' ative Conf- of rite United States (ACUS). A copy of Professor 
Bcrmann's final repart to ACUS. titled: "Regulatory Coopaation with Corrrrocrpart A,oencies Abroad: 
The FAA's Aircraft Carification Expcrieoce," dated May 1991, is included in the docket Based on 
Professor Bermann's report, ACUS has confirmed tbe adminismive appropriYeness of this effort aad 
has indicated m m g  support for this activity in tbdr Recommendation 91-1, titled ''Fedaal Agency 
Cooperation arith Foreign Government R@am&" adopted June 13,1991. 

At the annual FAA/JAA meeting in June 1989, tk FAA and JAA dixPssed the competitive disparity 
caused by the differaces h e e n  the .takeoff pafarmance sraodards applied to airplanes hat met the 
later sPndards of t b e o h m t  2542, ai compared with airplanes that were only requxed.to meertk 
takeoff paformurce standards that preceded Amenban 25-42 Even though thc airplane types wax 
ori~ytype~atedatdiffaemtimesthosallowingthe~ofdiffanuamwdmcntsbothgronps 
of airplanes are continuing in production and M arc compaing for saks and for use o v a  some common 
rourrs. Airplanes whose designs wac  type ardficated to tbc standards iwodtlced by Amendment 25- 

.. 42 could be penalized in tums of the n u d e r  of passengas a amormt of cargo they can carry over 
a common mute, even though the airplane's Wff performance might be better from a safety paspective 
than a competing airplane design that was not nquircd to meet the lata standards. C u d y ,  most 
of the transpon category airplane types that have been required to meet the lata srandards of Amadmat 
25-42 wue designed and manufacaatd owide the US. (mostly in Europe). These airplanes are competing 
for sales a g e  airplanes h t  were designed and manufactrrred in the US. that were not nquind to 
meet the standards of Amendment 2542. This situation has led to claims by a major European manufacturer 
of transport category airplanes that this disparity in the airwonhiness standards has cnated an unfair 
inrCRlilfiona1 trade sirnation affecting the competitivcrtcss of their airplane types of a lata &sip 
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1. Replace the two seconds of uminued acceleration beyond V, (m by Anmdmmt 2 S  
42) with a distance margin equal to two seconds at V1 spetd; 

2. Require that the nmway suface codhion (dry or wet) be taken into account when deterrmmng . . 

the m w a y  length that must be available for takcoe and 

3. Require that the.capability of the bralces to absorb energy and stop the airplane during landings 
and rejected takeoffs be based on brakes that are worn to their ovahaul limit 

Proposal I .  Tht FAA proposed to amend the mabod of d#amining the acceleratestop dist;mce 
prcscriibed in 8 25.109 by replndng tbe two seam& of continned acctleradon after reaching V, with 
a distaace equal to two seconds at V1 speed This proposal would reduce the accelerate-nop dinamr 
that mum be available for a rejected takeoff kkluse tbc airplane would be assumed to begin stopping 
from a Iowa sped (from V1. ratha than from the speed reacbcd after two secOndS of accelcmion 
beyond V1). The FAA's intent was to replace the most costly aspect of AmenQnent 25-42 with a 
r eqkmcnt  that closely rrpresents tfie pc-Ameadmnt 2542 critaia of 8 25.109. as applied to the d- 
cadon of recent u.s.-manufactured airplanes. 

Proposal 2. The FAA proposed to amend 025.105 to q u i r e  that airplane takeoff performaua data 
be based on w q  in addition to dry, nmways. Section 25.1587(b) would be amadcd to requirt that 
performance information for wet =ways k includcd in the Airplane Flight Manual ( A , .  Scui01ls 
91.605, 121.189, and 135.379 of the opaating rules would be amended to require that w a  nmways 
be taken into account \yhen daermiaing the mway length that must be availabk for takeoff, if wet 
m w a y  paformaace information exists in the AFM. Thus, this rule would apply only to airplane designs 
for which the application for type cerrification occms afm the ameDdmau becomes effective, and to 
those previously #rtificated airplane designs for which the madaama chooses to re-arrify to the 
amended standards. 

-Section 25.109 would be revised to provide the details of how the accelerate-stop disamx would 
be calculated for a wet runway. The FAA proposed the following approach to determining the wet 
runway takeoff puformance: (1) Take into afcount the reduced bmking force due to the w a  sraface; 
(2) pennit performance credit for using available reverse thrust as an additional stopping force; and 
(3) permit the minimum airplane height o v a  the end of the runway afta takeoff to be reduced from 
35 feu  to 15 feet This appmach would rrcluce tk risk of ovemms during rejected takeoffs on wet 
runways while retaining safety margins for continued takeoffs similar to those nquind for dry runways. 

The reduced braking force available is the most ngnificant variable affecting the stopping perfarmanct 
on a wet runway. The FAA proposed to revise 825.109 to spbcify that the wet nmway braking force 
would be one-half the dry m w a y  braking force, unless tht applicant dtmonsaared a hi* wet runway 
braking force. Unda rhis pmposal, tbe one-haif of the dry braking force level would apply regardless 
of whether &e dry nmway braking force is limited by the .torque capability of the brake (which is 
the fiiction force gmerated within the brake) or the friction capability of the nmway surface. Although 
it can be argued that the torque capability of a brake is independent of the runway surface condition, 
the proposed use of this simple relationship baween wet and dry nmway braking capability would depend 
on using the one-half dry relaticmship thrwghoof the braking phase. 

Data published in Engheaing Science Data Unit (ESDU) 71026, entitkd "Ericrional and Reranding 
Forces on Aircraft Types--Part 11: Esdmatiw of Braking Forcc," shows that the relatiomhip baareen 
wet and dry braking coefficient varies signifhntly with speed At high speeds, the w a  m y  braking 
coefficient is typically less than one-half the dry braLing coefficient. At low speeds, the wet 
runway braking coefficient is typically more than one-balf the dry mway  braking coefficient Used 
over the entire s p e d  range for the stopping portion of a rejected takeoff, however, the wet nmway 
braking coefficient can justifiably be approximared as one-half tbe dry braking coefficient The ESDU 
repart is included in the docket 

Under this proposal, 8 25.109 would also be revised to permit the use of available reverse thrust 
when derermining the accelerate-stop distance for a wet runway. "Available" reverse tbrus~ was interpreted 
as meaning the thrust from engines with thrust rcv43er~ that arc operating during the stopping portion 
of the rejected takeoff. Credit for reverse thrust was included in tfie proposal bearuse the most significant 
variable that affects the stopping performance on a w a  runway, nduced braking friction, was also included 
as  pan of the rational approach to wet runway nje~ted t d c d f .  

On dry runways. the FAA proposed to explicitly deny credit for reverse thrust when calcubing 
the accelerate-stop distance. This propod would codify cumnt FAA policy. Although revase thrust 
should and probably would be used during most rejected talceoffs, the FAA believes that the additional 
safety provided by not accounting for revme thrust in calculating the accelerau-stop distaace on a dry 
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nmway is mcessary to offset other vrriables thax can significantly affect the d q  nmway accelaate- 
stop pcrfomance determined under the cumnt nandards. For wet nmways, credit for =verse dxust would 
be permined because taking into account the reduced braking force available on the wet surface, as 
pmposed in this notice, greatly outwdghs the effects of these other variables. Examples of vaiables 
that can significantly affect the dry runway accelerate-stop performance include: nmway mfaccs that 
provide poorer friction, &mctmma . . fhm the runway used during flight tcsts to daamine stopping 
performance, draggmg brakes, brakes whose stopping caplability is reduced because of heat r&ncd from 
previous braking effons, etc. 

The FAA proposed to revise 025.113 to allow the disPrre rrquyed for a continued takeoff from 
a wet runway to indrmde taking off and climbing to a height of 15 feu, atha than the height of 
35 feet nquired on a nmway. This lowa screen height (M is the height of an imagkuy screen 
that the airplane w& just clear with the wings in a level athxb when taking off or lauding) would 
reduce the balanced &ld lengrh VI spad thereby reducing the number of highspeed rqccted takeoffs 
on w a  nmways. The FAA considers lowering the screen height to 15 fea to be an acceptable mahod 
of rducing the risk of ovcmms on wet runways because of tk similnrity to ammt roks when opaating 
from dry runways that have a clearway. The minimum height pamitt& o v a  the end of the runway 
for anent dry mnway mkceffs may be 13 to 17 feet depending on the airplane, when a clearway 
is pnsem In addith, a 15-foot minimum scncn height and vertical obstacle clearance distance has 
been allowed for many years by the United Kingdom Civil Aviation Anthonty for w a  runway operations 
w i t h o u t a n y p r o b k m s b d n g ~  

The combination of a clearway with the pmposed 15-foot screen hcight fix wet runways could 
result in a minimum height o v a  the end of the nmway of near zero (ir, liftoff very near the end 
of the nmway), if clearway credit were to be pumittcd for w e  runways in tk same manner that 
it is cumntly permitred for dry nmways. The FAA considers this situation to be maccqmble. The 
possible presence of standing water or otha types of prrcipitation (e.g., slush or snow) and numerous 
operatonal factors (e.g, late or slow rotation to liftoff auhdc) emphasrze the need to provide more 
of a safety margin than would be presfflt if liftoff were permitted so near the end of the mway. 
Tbadore. the pmposed 025.113 would not pennit the combination of clearway aedit and a 15-foot 
screen hei* The FAA proposed a, modify $25.113, however, to ensure that thc presence of a clearway 
does not result in requiring lon,oer runway lengths than if there were w clearway. 

In addition to the deed screen hdght for wet runways, the minimum vatical distance required 
between the takeoff flight path dcfined in § 25.115 and obstacles kg ,  aes, hills. buildings. etc.) would 
be reduced by a comsponding amotmt To accomplish this, the FAA proposed to revise 025.115 to 
state that the takeoff flight parh shall be considered to kgin at a height of 35 feu at the end of 
the takeoff distaace. 

This revised definition of the takeoff flight path would apply equally to dry and wet runways. 
even though the height of the airplane at the end of the takeoff disrance (i.e., the saeen height) for 
wet runways is proposed to k only 15 f e a  The effect of this proposal would be to make it possible 
to use the flight path informarion d y  contained in the AFM even if the ruaway is wet Because 
the screen height would be reduced from 35 feet to 15 fea for a wet mway, the height of an airplane 
at any point in the fight pah wil l  therefon k approximately 20 feet lower from a wet runway than 
from a dry nmway. Under this proposal the airplane's a d  height over obstacles would be reduced 
by approximately 20 feet when taking off from a w a  mway. 

Under the cumat regularions, the airplane's flight path must k higher than any obstacles by a 
combination of an incrrment of height and an incrrwnt of gradient (LC., the slope of the flight path). 
Although this proposal would reduce the hcighf b m m t  by approximately 20 feet the gradient increment 
would be unchanged. As the dis*mcc from the end of the takeoff distauce ~ ~ Q ~ B K S ,  the gradient increment 
provides an increasingly greater portion of the total height diffcrrnce between the airplane and the obsracle. 
Therefore, the effect of reducing the height increment over obstacles by 20 feet dimink& as the distance 
from the end of the takeoff distance increases. 

Proposal 3. The FAA proposed to amend §25.101(i) to require that accelerare-stop and landing 
distances must be determined with all the airplane brakes at the fully worn limit of their allowable 
wear range. Section 25.735 would be nvised to require that the maximum brake energy capacity rating 
must be determined with each brake at the fully wom limit of the allowable wear range. In addition 
825.735 would be amended to add a rrqukment for a flight test demonstmion of the maximum kinetic 
energy rejected takeoff with not more than 10 percent of the allowable brake wear range remaining. 

Mirccllancom. Additionally, the FAA pmposed to add one new definition and one new abbreviation 
to part 1, Definitions and Abbreviations. 
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As a d t  of their s p d  investigation of rejected takeoff accidenrs. the NationaI Transponation 
Safety Board (NTSB) mommended that the FAA d e d y  define the term "takeoff decision speed'' (VI) 
in part 1. This mmmendation is contained in the NTSB's Special Invesdgative Repon "Runway Ovemms 
Following High Speed Rejected Takeoffs" published on February 27, 1990. 

Concurring with the NTSB recommen&rion, the FAA proposed to add a &finition of takeoff decision 
speed to 5 1.1 in order to-remove apparent confusion over the h p  of this term. The FAA's pmposad 
definition was intended to make it clear tlu~ the decision to reject the takeoff, indicated by the Not 
activating the fint deceiuation device, must be made no later than V1 for the airplane to be stopped 
within the accelerate-stop dhamx. 

The abbreviation V p  is used in s e v d  places within pan 25. Tbc FAA pmposed to amend 5 1.2 
to add the delinition of V s  which cunen;rly appears in 525.1W(a)(1). Vp is the speed at which 
the critical engine is assumed to fail during takeoff. 

As stated previously, the FAA did nat intead to apply these proposed amcabem mroactively 
to either airplanes aarently in use or fumre production airplvles of designs that have already k e n  
approved However, manufacaaas or opaators of tbcse airplanes may e k a  to comply with these pmposed 
a m a h e n t s  by a change to the type design. The kDefits of the revision to the time &lay crimia 
of 5 25.109 would then be available to relieve tbe # ~ ~ ~ o m i c  bmdm imposed by Amembent 25-42. 
The proposed amendments to take into account the effects of w u  m a y s  and worn brakes must also 
be included in such a mxsificarion. The FAA expects that, for a i r p h  whose &carion basis includes 
Amendment 25-42, most applicants will elect to comply with this proposal because it will be economically 
beneficial for them to do So. 

The FAA received over 100 comments from 22 di&rent commQlters repding tbt proposals presented 
in NPRM 93-8. The c- include auplane pilots, maoufaaurrrs, opaatas, and the associations 
representing them f o n i p  airwonhiness authorities, and awrha agency of the US. governmnu. Because 
of tbe inmasing em- placed on international harmonization of the airworthiness mndards, and because 
the JAA issued substantively the same proposals to amend JAR-25, the FAA also received many comments 
from foreign and international sources. 

In general, the pilots and the airworthiness atuhorities of Canada and tht Nahertands oppose the 
proposed amendments unless the FAA imposes the new standards retn)activeiy. Convastiy, tk airplane 
manufaconm and operators gCllQaljy supporr tk proposals as long as they are not imposed rctroadvely. 
The JAA strongly supporn the proposals, but also believes that ttresc requirements should be imposed 
retroactively. The associarion reprrsenting l k o p m  manufaamen s~ppam applying the proposed smdards 
to new duiverivatives of existing approved designs as well as to completely new airpiare designs. 

Anotha issue that genaated mPng confmsthg views concerns the distamx needed to dip an airplane 
on the runway for takeoff. Typically, airplanes enter the takeoff nmway from an intasdng taxiway. 
The airplane must then be turned so that it is pointed down the m a y  in the direction for takeoff. 
FAA regulahons do not explicitly r q u h  airplane operatars to take into account the runway diaance 
used to align rhe airplane on the ranway for taleoff. The wmmentc~ who support raroactivity also 
support amending the regulations to nquirc opaators to take this nmway alignmnt cfistaace into aEcount 
Those who oppose rraoactivity also oppose proposals to require taLing into account the nmway alignment 
distance. 

In NPRh4 93-8, the FAA s*ued thu "with the safety ba&ts and economic impact information 
available at this time, tbc FAA camot support a ~#~,mmmdation to makc the standards proposed by 
this notice renoactive to either airplanes cumrnly in use or fumrr production airpianes of designs that 
have already been type certificated" This conclusion was reached afrer a review of the &mated costs 
and the potential benefits tbat would result from applying the pmposad standards mmadvely and m d a @  
that operators rake into account the nmway alignment dinance. 

It should be noud, however, that one pan of the proposed standards has effectively already k e n  
imposed rcmaaively. The FAA has issued airwonhiness directives (AD'S) concaning brake wear b i t s  
for evay FAAcertifcatcd Pansport category airplane with a maXimum takeoff weight of over 75,000 
pounds. These AD'S ensure thar the brakes on these airplanes. even when fully worn, can absorb the 
energy from a maximum energy rejected takeoff. 

In addition to the economic impact of rePoaaively applying the propoproposed standards, the FAA was 
influenced by the increasing emphasis on intanadonal hannanization of the auworthiaess standards. Ram- 
activity of the proposed standards and the requinwnt to & runway alignment distance into accounf 
had the FAA decided to proceed with these provisions. would have km accomplished through revisions 
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to the operaring rules of the FAR At the time NPRM 93-8 was king developed the JAA lacked 
operanng rules with which to impose these nqllirrments. Although the inmdudon and judmtion sections 
of JAA NPA 2% D, G244 discussed an intent to apply the staadards mroactively, and to require 
that nmway alignment dbramc be takw into account, the JAA lacked a regulatory mchanism for doing 
so. Thaefore, the proposed standards would not have been harmonized had the FAA proposed such 
amendments to the pa? 9 1, 121, and 135 operating rules. 

Shorrly therrafta, the JAA published NPA OPS-2 containing pmposed JAR opaating rules for 
commacial air transporration (JAR-OPS 1). In this NPA, the JAA praposed to retroaftiveiy require 
opaavxs to take into account the performance effects of wet runways and nmways contaminated by 
slush, snow, ice or sfanding warm, and to require opaators to apply adjustments for runway alignment 
distance. NPA 0-2 did not address rerrOactive application of the proposed nquirrmmu re.elat#l to 
worn brakes. The JAR-OPS 1 final rule, which nrained the proposals noted above, was issued by the 
JAA on May 22, 1995. It becomes effective on April 1, 1998. for apmruns of airplanes with a maximum 
takeoff weight of over 10,000 pounds or a maximum approved seating capacity of 20 or more passengers. 

Due to the mmversial name of the issues of rumactivity and runway alignment distance, the 
FAA has decided to: (1) Proceed with the propod rules widKHn nquiring d v e  application of 
these staadards or adding a new m p i r w m t  umcedng runway alignment distance, and (2) ncommend 
that the issues of rrtroaftive application of these sraDdards and runway alignment distance be added 
10 the FAAnAA harmonization work program. Except in the tmfmcnt of these two issues, the final 
rule adapted by this amndment is complaely harmonized with the applicable JAA aandards. These 
two issues reflect diffcmcs baween the FAA and JAA operating rules; the applicable airworthiness 
standards of part 25 and JAR-25 are completely harmonized by this amendment and a corresponding 
amendment to JAR-25. 

The harw,nization work program is the formal method developed by the FAA and the JAA to 
h a d  regulations and policies. Tasks on tbe harmonization work program are assigned to FAR/ 
JAR harmonization working p u p s  in rrccordamr with the nspective rulemaking proceduns of tbe FAA 
and the JAA. For the FAA, these tasks arc to the Aviation Rulemaking Advisory Committee 
WAC). 

?he ARAC was cstablishod to provide advice ad ncomrnendations to the FAA on all rulemaking 
activity. There are over 60 member o m o n s  on the commiftte, npresenting a wide range of interest 
within the aviation community. Meeting of tbe commie# are open to the public, except as authorized 
by section 1qd) of ttbe Fedaal Advisory C ' x Act For issues on the barmonktion work program, 
the ARAC assigns mrmbas, who work on behalf of the FAA to the FAWJAR harmonization working 
,goup. Although working group mcerings are generally not open to the public, working group task assign- 
ments axe published in the Fcdcrc3 Regirtcr, and all intaested parties are invited to participate as working 
p u p  members. Working groups report directly to the ARAC, and the ARAC must concur with a working 
group proposal befm that proposal can be presented to the FAA as an advisory consmitee recommendation. 
Afta an ARAC recommendation is received and found acceptable by the FAA, the agency pmceeds 
with the nonnal public rulumhg prodams. 

Most of the commenters who oppose the pmposcd rulemaking also claim that the proposals would 
degrade the level of safety provided by the cmnat standards. Specifically, these cornmemas oppose 
the proposal to replace the two seconds of continued acceleration beyond VI with a distanct margin 
equal to two seconds at V1 speed CProposal 1). becaw it would allow an in- in the maximum 
allowable talceoff weight wbcn that weight is limited by the length of the nmway. Altbough the FAA 
agrees with the commmtas on the e&a of tbis prtmlar proposal on takeoff weight limits, and discussed 
this effect in NPRM 93-8, the FAA disagnts that safay is degraded whm this pmposaI is considered 
in cambination with the orher proposals prsented in NPRM 93-8. 

In addition to Roposal 1, the FAA proposed otha amendments that would make the cumnt standards 
more arkgem As explained in NPRM 93-8, the purpose of the FAA proposals was to pnsent a more 
rational approach of explicitly providing for the specific elements affecting takeoff performance, rather 
than the broad brush approach npresmted by the two seconds of acceleration beyond V1. The FAA 
considers the proposed standards for worn brakes and w a  runways, which the cumnt standards do not 
explicitly address, to significantly improve takeoff safety. Combined with ROpOsal 1, the proposed amend- 
ments provide an equivalent or higha level of safety than the current standards. 

Depending on whaha the runway is wet or dry and on the panicular airplane's stopping capability 
with worn bralts, tbe maximum allowable takeoff weight for a given runway len,@~ could end up being 
either increased or dcucsd under the pioposed standards. Although its e f f m  are variable, the FAA 
estimates that Proposal 1 would reduce, on average. the runway length needed for takeoff by 150 feet 
For airplanes equipped with typical steel brakes, the proposed worn brake rrquirrments would add an 
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average of 150 feet to the runway length needed for talreoff. The FAA esdmates that the proposed 
wet runway requirements would result in an average increase of 220 feet in b e  runway length reqPired 
for takeoff when the runway is w a  It should be tmphasized that these estimar# arc average effects 
that can vary considaably depending on the airplane type and the specific t a b f f  coaditions. For example, 
airplanes equipped with carbon brakes or certain heavy* s ~ c t l  brakes, usually will be dd by 
the worn brake requirements because these brakes provide the same stopping capability in the worn 
condition as the new condition. (The proposed warn brake raquirmrenu npresent an important safety 
improvemen& however, regardless of whether this imjawemmt comes from taking into accou~lt a loss 
in brake capabhty, or because the rrqnire~nts act as an inceneive to provide brakes that do not suffer 
this loss in capabihty.) 

Along with this rulemaking effor~ the FAA also participated in a joint F W i  team to produce 
tht Takeoff Safecy Training Aid This training aid, fim made available in Augun 1992, represarts the 
findings of the team relarive to training and procedural actions rbsr could be taka to incmse takeoff 
safety. The goal of the uaimng aid is to minimize the pbbibty of rjected takeoff accidents and 
incidents by: (1) Improving the ability of pilots to take advaatage of opparcunities to maximize takeoff 
performawe margins; (2) improving the ability of pilots to makc -go dccisiuns; and 
(3) improving the ability of crews to ef fhvely  accomplish the njared takeoff pocedurrs. Simulation 
nials and in-depth analyses of takeoff acddcnts and incidents were used to develop the training aid 
marerial. 'Iht FAA urgg operams to use b e  Talceoff Safety Training Aid in their qualification and 
recurrent aircrew training programs. Th FAA is convinced that adoption of this material wil l  further 
improve safety during the critical ukcoff phase of flight 

The FAA received a large number of cammeno on the proposed definition of takeoff decision 
speed (Vd, including its relationship to the broads subject of the process by which the pilot recognizes 
a failure, decides to n j e u  the h f f ,  and acts on hat decision. One commmtcr submitted several 
documents as additional s q p m i n g  materiaL incbxling a detailed smdy of pilot rtactiou times dnring 
rejected taLeoff accidems. This commenter, accompanied by sevaal others. believes that the .proposed 
standards inadequately provide for the tim it rakes b e  avaage pilot to complete the recognition, decision, 
and reacdon process. Other commntas support the FAA pmposal and some of these commentas also 
offered suggestions to frmher clarify the purpose of the Vl speed 

The diversity displayed in the comments illustratcs a pat deal of misundamnding and d b g r c a m t  
regoarding the definition and w of the VI speed. In inconsistent terminology used o v a  tk 
yean in reference to V1 has probably contributed to this confusion. As noted by tbe com~ntc r s ,  V1 
has been &and to at various times a$ the critical engine failure speed, the engine failure recognition 
speed, and the talreoff decision speed. 

Special Civil Air Regnlatlon No. SR-422, effective August 27, 1957, originally r & d  to V1 as 
"the critical engine f a i h  spaed." These same standards wbicb wae  lata xecodilied into pan 25, 
defined the accelerate-stop distance as the distance to accelerate to V1, and then to stop from that 
speed. Although an allowance was required for any time delays rhat may reasonably be expeaed in 
service, SR-422 did not explicitly state w&rc or how the time delays should be introduced relative 
to VI. For certification purpose$ the FAA considaed V1 to be the speed at which the pilot took the 
first action to stop the airplane. T i  delays for recognition and reaction to that failure were applied 
prior to VI, and delays in accomplishing each subsequent action for stopping the airplane wen applied 
after V1. Allowing for the time delays, the actual engine failure was thenfore assumed to occur prior 
to v,. 

With Amendment 25-42. effective March 1, 1978, the FAA ammdcd the girworthiaeSS staadardS 
to clarify and standardize tbe method of applying these time &lays. VI was refand to as the "takeoff 
decision sped," which tumtd out to be ambiguous in that it could be inraprered to mean either the 
begianing or the end of tbe pilot's decision process. The preamble to Amendment W 2 ,  howeva, 
states that "V1 is determined by adding to VEF [the speed at which the critical engine is assumed " 

to fail] the speed gained with the critical engine inoperative during the time m w a l  between the instant 
at which the critical en* is failed and the instant at which the test pilot reco&xs and reacts to 
the engine failure, as indicated by the pilot's application of the first marding means during accelerarc- 
stop tests." This same definition was codified as §25.107(aX2). Not only is V1 intended to occur at 
the end of the decision process, but it also includes rhe time it takes for tbc pilot to paform the 
first action to stop the airplane. 

The FAA requires applicants to demonstrate, by flight test. the time intends between V p  aml 
V1, and between each subsequent action taken by the pilot to stop the airplane. FAA pilots and engineas 
witness and pardupate in rbese tests, which must includc at least six rejened takeoffs. Becanse the 
test pilots know that they arc going to reject the takeoff, human factors literature refers to this proces~ 
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as a simple task. In acrual opcmtions, the rejected takeoff maneuver is unexpected, and is refemd to 
as a complex task In consideration of rhis complex task the time intavals measured during catification 
flight tests arc increased when the acceluate-stop distances published in the AFM arc calculat6d These 
additional time increments an not intaxied to allow exm time for makiag a decision to stop afrer 
passing through VI. Thtir p r a p o ~  is to allow sufficient time (and dismce) for a pilof in actnai opaat iq  
to accomplish the pmc+rcs for stopping the airplane. 

The fim adjusrment is madc to the time interval between V p  and VI. During the d c a t i o n  
flight wts. the pilot expects to reject the takeoff and reacts very quickly. To rake this into accoun~ 
the time interval used to calculate the AFM accelerate-stop distances must be the longa of either the 
dew,nsmtcd time or one second. This standard has been applied to tbe certification of every turbine- 
powered m q o n  category airplane since the late 1960's. and thc FAA has not pmposed to change 
i t  

The second adjustment concans the fime irrrrment applied after V1. The mthod of dctumuun . . 
g 

this adjustment has varied, but the objective has always been the samc--to provide enough time and 
distance for a pilot to accomplish the procedmcs for stopping the airplane. Prior to Amendment 25- 
42, a one-second hcmnas was added to the time in- between each pilot auim occlnring afta 
V,. For most transport category airplanes, the rejected takeoff involves thr# separate pilot actions. The 
pilot applies rbe brakes, reduces tht tbust  or power. and raises the spoilers. The applicant defines the 
order in which the actions ~ ~ c m ,  must that the rrsulting procedilres do not require 
exceptional skill to paform Since the test got's first action detnmina V1, there are typtcally two 
pilot actions occtlrring afvr V1. Thaefon, two seconds of adclitionai time (and br resulting distance) 
wae added to the tim intavals determined by the cestificatim fight tests. 

Arnendmmt 2542 changed the merhod of applyiag these time i n ~ c m m ~ .  The provisions added 
by Amndmwt 25-42 require the AFM -laate-stop distance to be calculated by insating a two- 
second time iacreolcllt afier VI, but befare the pilot takes the fmt action to stop the airplane. During 
thic two-second dme imwenf the airplane continues to accelerate. No fratha time innnnents a~ added 
to the time intends between tbe actions taken by the pilot to stop the airplane. 

It is important to note that Amendment 25-42 did not change the catificarim flight test proceduns. 
The rwo-second time incnmnt is applied analytically dnring the calculation of tht AFM acceluate- 
stop diuaaces, not by dircuing the pilot to delay action for two seconds afta V1 during .die rejected 
takeoff flight tests. 

The proposal prermted in NPRM 93-8 would change the method of applying this two second time 
increment to a method similar to that existing prior to Amendment 2542.  Howekr, the proposed method 
uses a distance inmment rather than a t h e  incremcnS to ensure that no credit is taken during this 
time period for system transient effects kg., engine spindown, bralie prrssr~e rampup, etc). The cbsmcc 
increment is equal to the diszance tzaversed in two seconds at the V1 speed. Unlike the prc-Amendment 
25-42 wthod this distance increment cannot be reduced when fewer than rhret pilot actions are used 
in the njected takeoff procedures (e.g., f a  airplanes using automated systems that rake the place of 
one or more of the usual pilot actions). The FAA considers the dis tam~ mveled in two seconds at 
V1 speed to be the minimum aEccpable dkmcc allowance needed to provide for the element of surprise 
and other opaational factors missing from the cutification flight ten demonsa-ations. 

As long as thae are no more than three pilot actions needed to a c c ~ m p ~  a rejected takeoff, 
the accelaate-stop distance is detamined using tht demonsrrattd time intervals baween pilot actions 
with no additional rime or distance incrrmenU applied For each additional pilot action beyond the first 
three actions, hawever, a a-second time (and distance) increment must be added to the demonstraftd 
time interval for that action. 

The FAA disagnes wit .  those commcntas who believe that tfie proposed sfandatds i-ly 
provide for the time it takes the average pilot to complert the recognition, -on, and reaction process. 
Not only does the FAA require applicants to detamine by flight test the lengtb of rime needed for 
the pilot to complete this process, but this demonsaatcd time intaval is also increased to take into 
account the element of surprise and other aperational fmrs  missing from the certification flight tesr 
demonsnations. 

Operationally, V1 represents the minimum speed from which the takeoff can be safely continued 
within the rakeoff distance shown in the AFM, and the maximum speed from which the airplane can 
be stopped within the accel~atc-stop distance shown in the AFM. Typically, the pilot not flying the 
airplane will call out V1 as the airplane acceleraw through this speed. If the pilot flying the airplane 
has not taken action to stop the airplane before this callout is made, the takeoff should be continued 
unless the airplane is unsafe to fly. 
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One comm~lfa starcs that airplrae manuficaaen produce pafam;mce data for use by the US. 
military that provides the engine failure speed rather than the spad at which the pilot must respond 
to the failan. This commenttf believes that the military airworthirress rejected takeoff standards, which 
provide the crew with the engine failure sped,  arc safer tban the civil a i r w e  staadards, which 
provide the crew with the Vl speed. The comm~ltcr fratha notes that many commercial pilots with 
a military background opqate nnda the belief tha~ the civil airworthiness standards provide equivalent 
safety to the military standards. In the commemer's opinion, the civil srandards provide a lowa level 
of safety, and t h e  pilots bave been given a false sense of security. 

The FAA is aware of many di&rences between the civil and military takeoff reqpifunems. These 
differences are indicative of the differcat operating Deeds and environments between avrl and military 
flight o p e r e .  For example, tht military mndards allow liftoff to occur at rbe very end of the runway 
and obstacles to be c l d  witb no day margin in the matt of the failure of the criticai engine 
at the designated "go" speed In contrast, pan 25 requires thc airplane to be at a height of 35 feet 
at the end of the takeoff distance (on a dry runway), and obaacles must be cleared by 35 feet plus 
an additional safety margin related to the flight path gmdica h mmmry, the civil and nzilitary airworthi- 
ness sramlards provide for safe openti- widh their respeaive aperaring environmm~. It would be 
inappropiate, however, to apply uuique procedures and techniques from one opaating environment to 
the other. 

One COmmUltcr d that the pmpOsed definition for takeoff w o n  speed tmds to papetuare 
the confusion over the meaning and IISC of the VI speed The cammenta poim out that VI is W y  
a "pilot action speed" dw occurs immediately after tt# piiot makes the decision to rrject the takeoff. 
Another commenter s u g g g  that the proposed definition is technically irracauate bearuse redudng thrust 
during a rejected takeoff would not normally k construed as activating a deceleration device. Hence, 
the commenter suggested altanative warding for the words "the pilot activates the fim defelaarion 
qevice." 

The FAA agrees with thest commcmcrs and has revised the propojal afcwdingly. The term ''takeoff 
pc"L. decision speed" has been deleted both b n  the proposed dcfinirion and from §25.107(aX2). TIE proposal 

to define takeoff decisioa speed in 9 1.1 is also withdrawn. The adopted definition reprrsents a change 
to the dtfinttion of V1 in 5 12, rather thsn an addition to § 1.1. This mised definition clarifies that 
V, represents the minimum speed from which the takeoff can be safely conrinued within the takeoff 
disrance shown in the AFM and the maximum speed from which the airplane can be stoppad within 
the accelerate-stop distance shown in tbe AFM. In additiaa the preamble cliscusslon of the pmposals 
has been edited for additional clarity to pmcat a consistent description of the VI concept 

The proposed addition of the definition f a  V p  to 5 12 is adopted as proposed. Ooe commenm 
misundastood this proposal as representing tbc firs time the FAA has sought to define Vp. For clarification, 
the tenn Vv and its definition were origrnally added to 25.107(aXl) by Amendmmt 25-42 The amend- 
ment adopted in this mk adds the exisring definition for VE= to the list of abbmiatiom and symbols 
in 1 1.2. 

In addition to the &finitions proposed in NPRM 93-8, om c~mmcllter s u g g g  wising the d&ition 
of rated rakeoff thrust to allow its use for up to ten mimats of opaation. Thc current definition in 
5 1.1 limits the use of takeoff thrust to five minutes or less. The FAA is currently consiQiag the 
change proposed by this commentrr as pan of a harmonization e f h t   wid^ the Emopean JAA. In the 
interim, the FAA has developed a procedun to review and approve specific requests for the w of 
takeoff thrust for up to ten m i n m  duration on ~aasport category airplanes in the event of an engine 
failure or shutdown. 

One commclltcr recommmded adding "wet and dry runway conditio~~s" to ttr variables listed in 
' 

25.101(e) for which the airplane configuration may vary. The rationale dK commmter provides for 
this recommcndarion is to encourage of the airplane configuration. The FAA does not believe 
h the suggested change wi l l  accomplish the commemer's goal. Sation 25.101(e) does na nquirr 
applicants to establish an optimum configuration to meet the applicable reqrrirrmats. Instead 9 25.101(e) 
allows applicants to establish diffaent c o n f i P - ~  (e.g., flap settings) to obtain beaa pcrfonnance 
at different weight, altitude, and trmperaaae conditions. 

The same commmter recommends revising $25.105(a)(2) to require the takeoff data to be determined 
in the optimum configuration for the takeoff conditioas specified in §25.105(c). The oamma~a believes 
that this change would require operatm to use the @mum flap sating for takeoff, ratha than allow 
the use of any flap setting that meets the applicable rrgulations. The FAA does not c o r n  with this 
recommendation for the following reasons. F- the commcllf~~'s re~ommendaxi011 s h l d  be diarcted 
at the airplane operating requirements, rather rhan the parr 25 airworthiness staadards. The effect of 
the recommended revision to pan 25 would be to prohibit takeoff data from being provided for confi@ans 
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that wen not deemed to be the optimum a&gmt~on. Second, the c~mmentcr does not d e b  how 
to detennine the opdmum configmation. The wmmmra appears to suppm using the configwarion that 
would provide the shortest takeoff and deratc-stop &seances. However, this co0.6,-on also typically 
results in the poorest climb capability gfra takeoff. and may not be the optimum wnfigumion h m  
the standpoint of obstacle clearance, noise, standardization of crew proccdrues, or fuel use. 

The FAA received several wmments regarding thc pmposed change to 8 Z.lOl(i). One c~rrmacntcr 
recommends deletion of the proposed nquirnneot to da the landing distaDces with wan brakes. 
This commenm claims that the effects of worn brakes on landing is insigdicanf and notes that the 
F A A d a s o o t e x p e c t t h i s ~ t o n d P c e t h e a m o p n t o f p y l o a d t h a t c a n b e c a n i d T h e c o m m e n t e r  
also notes that tbat has never beat a landing incident or accident in which a deficiency in brake 
energy due to wear was a factor, nor is thae any reasonabk likelihood that there would ever be one. 
The commenter goes on to say that the proposed mqubmm would result in additional certification 
test and flight manual deveiopmmt costs with no resahaat safety benefit to the public. 

Although the FAA a p e s  that the pmposed rsqrriremmt is not likely to reduce the amount of 
payload that can be carried for most landings, tk FAA disagnes thm the effects of warn brakes on 
landing will always be~insignificant The e&a of brah wear at the Lnaking mergy levels associared 
with a landing stop depends on the particular bsak design. TO provide for those cases in which the 
landing distance is critical, the AFM hdmg d i m  data must be based on m y  worn brakes. The 
proposed requirrment only specifies the wear condition of the brakes for detamining rhe land- distances. 
No additional AFM information, and, tbaeforr, no additional flight manual development costs would 
be n q u b d .  The proposed reqm'rrmmt also would not necessarily result in additional certification testing. 
The only flight test that must be pafonacd with wom brakes is the maximum energy rejected talceoff 
condition, in which the brakes must be w m  to within 10 pacent of the fully worn condition. AU 
other data must only meet the condition that sufficient data be available from airplane flight tests or 
wheel-brake dynamometex tests to enable adjustment of a l l  of the takeoff and landing fight test & 
to the fully worn 1eveL For example, the testing perfonnu3 to daamine the effect of wom brakes 
on accelerate-stop distaaces may also be used to duuminc the effect of worn brakes on landiog dhnccs. 
if it can be shown to be applicable. 

Anotha commenter suggesu adding the stipulation that ttr detaminarion of the accelerate-stop and 
landing distances must be based on the  demons^ results obtained by flight test in accordance with 
the proposed 325.735@). The FAA concurs with tk intent of this suggestion. Lrrstead of modifying 
the proposed §25.101(i), however, the FAA is revising the pmposed 025.735Q) and relocaring it as 
a new 825.109(i). The adopted wording clarifies that the applicant must conduct a flight test demonmation 
of the maximum brake kinetic energy accelerate-stop distance with no more than 10 percent of the 
allowable wear range remsining on each of the airplsne WW brakes. This change to the original proposal 
is also discussed later relative to the comments received on the pmposed B 25.73%). 

A commmtcr proposes a wording change to 8 25.101(i) to anticipate possible future brake matpials 
that might show an improving brake performance as the brake wears. This commmter suggests that 
the prop& requirement should reference the war  d o n  that dynamometa testing indicates as produc- 
ing the least effective braking performance. The FAA that the most critical wear condition should 
be used to defermine the stopping distaoces and enagy capcity of the bralrts. In practice, however, 
the FAA believes this condition wiU always be the fully worn brake. The FAA does not believe that 
an extensive dynamomcta m y  of different wear sratcs is warranted. 

One commmta suggests that stopping dismes be based on brakes that arc worn to 90 pacent 
of the allowable wear lwel instead of the proposed level of fully worn. This commtntex srates thaf 
in actual opaations, it would be virmally impossibk for all the airplane's brake assemblies to SimultaneousIy 
be at the fully worn limit of thtir allowable wear range. In addition, this commeot~ believes that such 
cowmatism in detamining the sopping dhnces to be unwarranted when combined with the wom 
brake requirements relating to brak enngy absorption capability. As an altanaIin, this commemer, joined 
by a second c ~ ~ ~ l l l l ~ ~ l f e r ,  proposes that $25.101(i) optionally allow, stopping paformarice to be based 
on the a d  amount of W e  wear existing at the time of each flight The two wmmemcrs state 
that it is unnecessary and inappropriate for the reOoulations to assume the wom we capability when 
misfaaory means to determine the actual capability can be provided. They believe thar the proposed 
re,&ation would inhibit the development of technical and procedual advances that would take into account 
tbe actual wear condition of the brakes. 

The FAA does not concur with the rccommendatian to base the stopping distances on brakes worn 
to 90 pacent of the allowable wear leveL Although operau,rs may typically overhaul brakes before 
bey are fully worn. and the brakes on different wheels are usually at different levels of wear, airplanes 
may legally be operated with all of the bmke assemblies in their fully worn condition. The FAA agrees 
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that it would be inapptapriate for the regulations to assume the worst case capability when satisfaaqry 
means exist to detrrmine the true capability; howeva, the aperational asptas must also be -y 
addressed 

Regarding the wmmenters' proposal to allow stopping dinarres to be based on the actual brake 
wear level, the FAA has sigrufcaxu concans o v a  the operational aspeas. Althoagh it may be possible 
to determine the acftlerate-stop and landing distances as a function of brakx wear. the FAA considers 
it unafceprable to use, on a flight-by-flight basis, th brake wear level as an additional takeoff pafonnaace 
variable. TIE added complexity awed by this additional variable would hacase the chances of mor 
in determining the allowable taleoff weight and the takeoff speeds. Also, the FAA questions whctha 
an acceptable nreans can be developed to aoa~arely and reliably dnamint the actual wear st- of 
the brake unda all Opaational and en- conditions. Finally, extensive certificati011 testing would 
be r q d  to determine the stopphpg dismccs as a function of the brake wear leveL A linear relationship 
W e e n  these variables cannot k assumai M o r e ,  8 25.101(i) is adopted as praposed except for 
a miwr editorial revision for clarifi~m paposes. 

Since the catified aaxlaate-stop and landing distances will coaespond to brakes that are, at the 
fully worn limit of their allowable wear range, the allowable bxakc wear range mna be specified as 
part of the appwed type design for thc arrplaw. This information should be provided on the type 
carificate data shea Tht allowable wear range should be d&ed in trims of a h c a ~  dimension in 
the axial direction, which is typically daclmined by measuring the extension of a pin used to indicate 
the amount of wear. At the fully warn limit of the allowable braice wear range, the brake must be 
removed from rhe airplane for ovahauL 

Both favorable and adverse comments wae received on the FAA's proposal to amcDd 825.109 
to replace two seconds of acceleration beyond V1 speed with the distance uavased in two seconds 
at V1 speed The commenters who objaxed to thc poposed amendments believe the proposal would 
~ s a f c t y . O D e c a m m c n t e r w b o ~ w i t h t h c ~ a m e n d m m t a l s o s t a t e s r h a t ~ f o m p a r i s o n  
baween the one-cngine-mopemlive and all-enginesopeating acceluatc-stop distances, as rapired by the 
proposed $25.109(a), w& became almost mraninglcEc. This commentn claims that "test pila rrsponse 
in .the order of milliseconds preempa any signifxant difference in accelaacion distance baween engine 
out and all engine accelerarion before V1." Also, the proposed ciistance travmed during two seconds 
at VI spad is the same for both cases, as is tbe deceleration distance from VI until the airplane 
is stoppea 

A s  discussed previously, tbt FAA considers the proposed additions of worn braire and wet runway 
requirements to si@urntly improve takeoff safay. These additional requirements, along witb the proposal 
to replace the two seconds of acceleration with a distance equal to two seconds ai V1 sped, would 
provide more rational takeoff airwopehiness nandards and an equivalent or higher level of d a y  than 
the current sgndards. Regarding the cornperison of one-engine-inaperative and allaginesopaahg dis- 
tances, the minimum time betwen the crirical engine failure speed ( V 5 )  and V1, as discussed eariia, 
is one second During the period afta V1, unlm reducing thrust is the first plot action following 
the engine failure. thae wil l  be another tim intaval before thrust is reduced on the rrmaining operating 
engine(s). Since thrw rrvasas may not be used in "gthdrynmwayacceluafc-stop . 
h e  opaating engines (on a hja-paw& airplane=* m pcina forward h r  EZ2 
(for naboja airplanes), the distance to stop from VI will usually be longer for allcngintsopcraring 
case than for thc o ~ i n o p e r a t i v e  case. Whether the smn of the accelerate and stop distances 
is geatcr for the allcnginesopaating case as opposed to the oneengine-inapaative case depends on 
the time intervals between V p  and V1, V1 and the pilot action to nduce thrusS and on the engine . . transient response (spindown) charactensacs. For wu runways, in which the effect of r e v a x  thrust would 
be includeii the stopping discaace with one-engine-inopaative will usually be I m g a  than tha with all- 
enginesspaating. In general. the FAA expects the dry runway accelerate-stop diaanccs to be based 
on the allenginesopaating case, and the wet mnway accekrate-stop dismces to be based on the one- 
engbe-inoperative case. 

One wmmenta suggests that tbe FAA should provide a statcmnt proclaiming that the standards 
proposed in NPRM 93-8 "reflect the full intent of the afcelaatt-stop msition segment AFM distance 
consrmction" and that "additional dme delays are not envisioned." This commauer nates thax FAA 
advisory material imposed an additional two-second time delay beyond that prescribed by Amtadment 
25-42, and the commenta desirrs a clarification thar such a skuation will not nau. The FAA inn '& 
to revise Advisory Circular (AC) 25-7, "Flight Test Guide for Certificatim of Tanspon wary Air- 
planes," to be consistent with this adopted rule and the description of rhe time delays provided in 
this preamble discussion regarding the definition of V:. 
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In reviewing the comments the FAA discovered that the proposed wording for $25.109(a) could 
be interpreted such that speeds greater than VI need not be d d m d  in detenmmn 

. . 
g the accelerate- 

stop distances. However, tht airplane will typically exceed VI speed during the stop, particularly with 
all-engines-operating, even when the pilot applies the brakes at VI. The proposed amendments to g 25.109(a) 
have been modified to clarify that the accclaate-stop distauces must include the highest speed reached 
during the rejected takeoff m;wuver. As modified theK proposed amendments to 825.109(a) arc adopted 

The FAA received a large number of comments regarding the proposed mubod for tlaemmm 
. . 

00 
taLeoff performance on wet m a y s .  One of the provisions of the proposed method would allow applicants 
to use a simplified app~&~ to dctemb the braking cepability on a wet nmway without the need 
for specific wet runway flight testing. Basal on th extensive w a  nmway tcsting conducted o v a  the 
past 30 years by the N a t i d  Aaolrautics and Space -on (NASA), the FAA, the aerospace 
inchmy, and otha organ&iom around the world (a compllacion of which appears in the docka in 
ESDU item number 71026). the FAA proposed using a braking cafficient of one-half tbe dcmmamd 
dry braking coefficient 'Ihe FAA intended for this one-half factor to be applied evm if tht dry runway 
braking coefficient is limited by the maximum torque capability of the brale, rather than the maximum 
friction capability available from the runway sarface. 

Several commmtm disagree with using a simple one-half factor to daermine the wet runway braking 
coefficient One commnta feels the factor is arbiaary and that using a simple faaor is inappropriate. 
Another commmta claims that other easily applied methods exist and should be used to provide a 
wet runway braking c o e f k k a  This comumm beiiwes that the proposed method effectively makes 
the low speed acceleratestop data more conservative than the high speed data which would be the 
opposite of what the commtllter feels should k done to incnasc safety. These  comment^^ did not 
propose any alternafiw mabods for danrmrmn . . the w a  runway brahhg cocfiicient 

Several commcntas object to the spcific aspect of applying the one-half faaor when th dry runway 
braking coefficient c0mspond.s to the maximum toque capability of the brake. In spite of the explanation 
provided in the preamble discussion in NPRM 93-8, these commenten oppose this provision on the 
basis that the maximum torque capability of the brakc is independent of the m a y  surface condition. 
One commentcr conducted lab- rests of a simulated wet runway to show that the stopping ability 
of an airplane on a w a  nmway is not a function of the size or torque limit of the brakes. Another 
commenter claims that this provision appears to prohibit the effective and safe use of brakmg capacity 
up to the limit of the wet runway bxaking coefficient This comtncnter points out that an airplane with 
brakes that have a low maximum torque capability would be unfairly penalized relative to an airplane 
equipped with brakes of a higher maximum torque capability. Another comwnter qnestions whether 
the proposed nquirrment is a cansavative approach resulting from a lack of appropriate test data. 

The FAA agrees tbt the torque capabikty of the brake is usually not a limiting factor on a smooth 
wet runway. The FAA proposed applying a factor to the torque limited braking cafficient to rrprrsent 
the varying relationship between the wet and dry runway braking coefficients as a function of grwnd 
speed. At higher p u n d  speeds, the wet runway braking coefficient is typically less tban one-half the 
dry runway braking coefficient At these hi* speeds the ~ T Y  runway bralcing roefficicnt is usually 
limited by the brake's maximum torque capability. For the typical airplanebake combination, factoring 
the torque limited braking coefficient obtained on a dry tunway by one-half provides a reasonable approxima- 
tion to the significantly reduced braking coefficients obsaved at high speeds on wet runways. Because 
the total stopping distance f a  a high speed stop is a f f d  more by the stopping capability at high 
speeds than at low speeds applying the one-half factor only to the non-torque limited braking coefficient 
would be inadequate for daamiaing the total distance needed to stop on a wet nmway. 

The FAA does not conatr with the comment that this proposal would prohibit the safe and effective 
use of bmhg capability on a wet runway. This proposal only addressed the method for derenrmung . . 
the wet runway accelerate-stop distances presented in the AFM. It would not affect the manner in which 
the pilot uses the brakes. The FAA recognizes, however, that not all airplanes share rhe same relationship 
between VI spec& and maximum brake torque capability, and that some airplane typa could be affected 
more than others by this provision. In recornon of this potential disparity, the pmposed $25.109(b)(2) 
would have allowed a p p l i w  the option of demonsnaring a higber wet runway braking coefficient 

One commnter s u g g g  that an advisory circular may be necessary to provide ,&dance repding 
an acceptable muhod for demonstrating a w a  runway braking coefficient higher than one-half the dry 
runway value. Awtha commmm noted that one flight t t s t  for example, paformed on a damp grooved 
runway with excc l l e~  friction capability would be an insufficient basis for developing the AFM information 
applicable to all wet runways. Another comwnter recommended a change to the FAA proposal to allow 
the use of methods other than flight testing to demonmrate a higher wet m y  braking coefficient 
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This commmter believes that in rhe near fuane it may become feasible to w data obtained from 
either an analysis, a simulation of the airplane's braking system, or orha somas. 

One of the commmtm who opposed portions of the FAA proposal &mhd an alttrnative proposal 
based on the same ESDU 71026 data source used to develop the FAA pmposal The proposes 
an altcmative method to replace the option for daw,nStratiag a braking coefficient higher than one- 
half the dry runway braking coefficient The following summary npresents a brief synopsis of the am- 
menter' s detailed proposal: 

a Derive a standard wet runway braking coefficient vasus speed cwe from rhe ESDU 71026 
dara This curve, npnsa!ting the maximum bcaking coefficient available from the runway surface, 
wouldkusedforallrraasponc~cgoryairplanesarthebasirf~&velopiogairpienctypespecitic 
curves. 

b. Apply adjustmmts to &is curve to reflect the capability of an individual airplane type's anti- 
skid system on a wet nmway. Tbe &-skid system capability would be daamined dther directly 
from wet nmway testing, or a consavative capability (i.e., somewhat worse than would be expected 
if testing wen perf&) wodd be assum& based on the atpatnlity of existing comparable 
and-skid systems. 

c. M o w  higher lxaking coefficients for soitably tnainrrined pmved or porous friction cwrse runways. 

d. Use tht brake torque himions (k, the amount of torque the baLe is capable of prdducing) 
that are daermined on a dry runway for both wet and dry runways 

The FAA considas t& commcnta's proposal to have considaable meri~ not just as a nplacanmt 
for the demonstration option as the c o m m n t ~  proposes, but also as a repllrnnmt for the --half 
the dry braking coefficient rmthoQlogy. The commana's proposal addresses the shoncomings inhaent 
in the NPRM 93-8 methodology of detamining the wet runway braking coefficient by applying a single 

' adjlisrment factor to the dry runway braking coefficient Unda t k  commentcr's pmposal, the w a  runway 
braking capability would more acnnately refica the significant variation in braking capability with speed 
that occurs on a wet runway. Properly ~flecting this variafion with speed would ranove tk need to 
apply a factor to the dry runway brake tcquc capability. 

As adopted, § 25.109@) has b u n  revised and new $9 25.109(c) and (d) have been added to pmaibe 
wet runway accelerate-stop clinance s t a d d s  in a manner amsistem with the commenfcf's proposaL 
This final rule is based on the same informarion as the original FAA proposai; however, the mahodology 
for determining wet runway accflerate-stap distances has been changed to mm rationally reflect the 
various factors affecting wet runway braking. The mahodology adopted by this amt~ldmcnt provides 
a more accnrate pomayal of wet runway stopping performance than had been pmposed in NPRM 93- 
8. 

Si,bnificant issues relared to the commafa's pposal, which had to be addressed prior to p m p h g  
rbis l i d  rule, includ6d: 

a Defining the standard wet runway braking coefficient versus speed Curve, considering the various 
parametm rha~ affect wet nmway stopping perfomance. 

b. Defining a method for detamining the capabtlity of an airplane's anti-skid system on a w a  
runway. 

c. EstabIishing consavarive levels of anti-skid capability that could k used in lieu of dacmumg 
. . 

thiscapabiitydirealyfrw!ttst&ua 

d. Devrmining wbetba a higher braking capability is appropriare for w with grooved or porws 
friction course nmways. (This issue is d i s c u d  later aIong with other comments received on 
this topic). 

ESDU 71026 contains m e s  of w a  runway braking coefficients vasus speed for smooth and traded 
tires at varying inflation pressures. These data are ptsemed for runways of vaious mrfafe rou~@cs, 
including grooved and porous friction course nmways. k l u d e d  in the data pmentation are bands about 
each of the curves, which nprrsent variations in: water depths from damp to flooded runway surface 
texaue within the defined tuctule levels tire charactaistics, and eXpaiwnt.1 methods. From these data 
it is readily apparent that wet nmway stopping performanot is signifkady affected by many mare variables 
than dry runway stopping performance. In or&r to daamiae Ihe wet runway stopping distance. a value 
must be specified (or assumed) for each of these variables. Since it would be impractical to try to 
measure or evaluate each of these variaMes for every taiceoff, tbc takeoff data must take into acsount 
the conditions h l y  to occur in opaatioaai service. 
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It was the FAA's intent with rhe proposals of NPRM 93-8 to define a wet runway pufomauce 
level that would ensure safe operatton for the vast majority of wet runway rejected takeoffs likely to 
occur. This same principle was used in speufymg values for eacb of the variables considered by the 
adopted wet nmway methodology. The resnlting acceleratcstop disances, coupled with information provided 
to opastms and pilots concerning the use of these data, should m y  nduce the risk of runway ovemrns 
during wet runway ppaations. 

In defining the standard curves of wet runway braking coefficient versus speed that are prescribed 
by the quatiom in §25.109(~)(1), the effeas of the following variables were considered: tire pressure, 
tire m.xl depth, runway surface texturn and the depth of the water on the runway. 

Tin Pressure. The effect of rin pressmr is taken into account by providing separate curves (i.e., 
equations) in 5 25.109(~)(1) for sevaal tire pressures. As stated in the adopted rule, linear interpolation 
may be used for tire pressures otha than those listed. To provide additional safety, § 25.109(~)(1) requirrs 
applicants to base tbe accelerate-stop distances on the maximum tire pnssure approved for opaation. 
operating at a tire pnssure that is lower than the maximum tire prrssrne approved for that airplane 
will tend to improve the airplane's w p p l ~ g  capability on a wet runway. Typically, rnannfacturrr rec- 
ommended tire pressures arc a function of airplane w d g k  for operations at less than the maximum 
approved weigh& the recommended tire ptssure would be less than the maximum approved tire pressure. 

Ere Tread Depzh The degrre to which water can be channeled out from under the tires sipficamly 
affects wet nmway stopping capability. Airplane tires have ribbed p v e s  around the circumference of 
the tire for this purpose. The texture of tbe nmway surface plays an equaily important role. ESDU 
71026 provides braking data for both ribbed and smooth tins on runways of cliffem surface texnxcs. 
A method is also provided in ESDU 71026 for d g  the effects of tire wear. As ribbed tires wear, 
the deph of the n i  grooves decnases, imrWirinp their abiiity to channel water out h m  under the 
tire. 

Surveys conducted by U.S. airplane and tire manufactures, and information from major tire naadas, 
indicate that the typical pave deph nmaining at the time of tire removal can vary &om about 1.5 
to 5 mm. Airplane manofaaurrrs' maintenance manuals usually recommend removal when the atad depth 
is less than 9'32 inch ( 1 2  mm), although opemion with zeso uead depth is not prohibited. Loss of 
uead depth is not the sole ciitaion for tire removal, hcnveva. Tim with significant tread depth remaining 
may be removed for o tha  reasons. Also, it is ualikely that all tbe tires on a particular airplane would 
be wom to the same extent 

The standard curves (i-e., equations) of braking coefficient versus speed prescribed in $25.109(cXl) 
are based on a tire tread depth of 2 mm Since the uead depth of new tires is usually 1&12 mm, 
2 mm represents no more than 20 percent of the original tread depth. FAA Advisory Circular 121.195(d)- 
lA, which provides guidance for daermining operational landing distances on wet runways, specifies 
that the tires used in flight tests to determine wet runway landing distances should be worn to a point 
when no mare than 20 percent of the original tread depth remains. Therefore, the adapted mle, which 
reflects industry practice, is also consistent with existing FAA guidance in this area 

R m a y  Surface Texture. ESDU 71026 grwps runways into five categories. These categories are 
labeled "A" through "E," with "A" being the s e t h e s t  and "C" the most heavily texfllred unpved 
runways. Categories "D" and " E  represent grooved and other open textured surfaces. Caregory A 
reprscnts a very smooth texture (an average texture depth of less than 0.004 inches), and is not very 
prevalent in runways used by aanspan category airplanes. The majority of unpmved runways fall into 
the category C grouping. Tbe curves reprrsented in $25.109(~)(1), as adopted rrpresent a texdae midway 
between categories B and C. 

Depth of Water on the Runway. Obviously, the g m t u  the wam depth, the greater the degradation 
in braking capability. The curves prescribed in $25.109(~)(1) represent a well-soaked runway, but with 
no si,~ficmt arw of muding water. 

In summary, the curves prescribed in §25.109(c)(l) represent the maximum tin-to-pund braking 
coefficient likely to be available from a wet runway during a rejected takeoff. They were derived by 
interpolating between the curves presented in ESDU 71026 for runway surface categories B and C, 
adjusted to represent tires with 2 mrn tread depth remaining, and exnapolated to cover the rang of 
V, speeds to be expected- The resulting curves wue then SmOOfhed and reduced to a mathsmatical 
form for inclusion in the rule. The capability for a particular airplane type to achieve this braking 
coefficient depends on: (1) The amount of torque its brakes are capable of producing, and (2) the perform- 
ance of its anti-skid system. How the revised =,@ation addresses these two components is discussed 
in the ensuring paragraphs. 
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The torque capability of the brakes is eMhrared during the flight testing that applicants conduct 
to determine tbe dry runway accelerate-stop dismcc. Since the torque capability is independent of the 
runway surface condmw, the torque capability demonsuated by tbe dry nmway flight wo also reprrrems 
the maximum torque available during a wet mway stop. As ado& 8 25.109(b)(2)(i) limits the stopping 
force from the wheel brakes used to damnine the wet runway accelerate-stop distance to the stopping 
force detarmned in.&g the rrquiremcnts of §25.101(i) (worn brakes) and 825.1Wa) (the dry runway 
accelerate-stop distance). This provision prohibits applicants from using a brake toque that exceeds the . . dry runway torque limits when detmmmng tbc w a  nmway accelerate-stop distaar*. 

An airplane's anti-skid system varies the brahng auion to p a t  locked wheel skids and to maximize 
stopping paformaace to the unent posslMe. How close the anti-skid system tames to obtaining the 
maximum braking Ecictiw available berwca~ the tins and the nmway is refemd to as the d - s k i d  
system efficiency. 

As adapted 3 25.109(~)(2) r q u k s  appbcants to adjust the maximum tin-to-ground wet nmway braking 
coefficient dnnmined in §25.109(~)(1) for the efficiency of the anti-skid system. Applicanu will have 
the option of either dctamhbg the anti-skid system efficiency directly from flight tests on a wet nmway, 
or using one of the anti-skid efficiency values specified in §25.109(~)(2). Rcgades of which method 
is usad an appropriate level of flight testing must k performed to vaify that the anti-skid system 
operates in a maoner consistent with the efficiency value used, and that the system has been properly 
tuned for operation on wet nmways. 

For applican~ using the anti-skid efficiency values specified in 325.109(~)(2), a minimum of ore 
compleu wet runway stop, or equivalent sqlnemrd stops, should be conducted at an qpmprke speed 
and energy to cover the critical aperating mode of the anti-skid system This testing can be paformed 
as part of the anti-skid campatbility tesdng on a wet runway that is alrrady required for brake and 
and-skid system approval unda $25.735. Tbnefore, for applicants using the anti-skid efficiency values 
specified in §25.109(~)(2), no additional flight tests need acatally be performed. Exisring flight test may 
need to be modified somewhat to ensue that appropriate data ~ T C  o b u i d  to vuify that the @-skid 
system operates in a manna consistent with the efficimcy value used, and that the system has b a n  
properly tuned for operation on wet runways. 

As revised, $25.109(~)(2) idcntik three u t  classes of anti-skid systems, and spuafits a unique 
efficiency value associated wirh cacb one. This classification of anti-skid system types and rhe assigned 
efficiency values are based on information contained in Society of Automotive Enginars (SAE) Aaospace 
Information Report (AIR) 1739, title "Infannation on Anti-Skid Systems." The &ciency values @bed 
in §25.109(~)(2) r rp~sent the wont system performance utpecred for each type of system after being 
properly tuned for operarion on w a  runways. The SAE document is available in the public docka 
for this rulemaking. 

The three classes of anti-skid systems represent evolving levels of technology and differing performance 
capabilities on dry and wet mways. Woff  systems arc the simplest of the thra types of anti-skid 
systems. For these systems, full maend braLe prrsurrr (as commanded by the pilot) is applied until 
wheel locking is sensed. Brake pressme is then released to allow tbe wheel to spin back up. When 
the system senses that tbe wheel is a c c e l ~ g  back to synchronous speed (i.e., ground speed), full 
meted pnssurr is a g g  applied The cycle of full pnssure appkcationlcomplete pressure release is 
repeated throughout the stap (or umil the wheel ceases to skid with prrssne applied). 

Quasi-modnlating system, the second type of anti-skid system, attanp to mtinuously rrgulatt brake 
pressme as a function of wheel speed Typically, bmke prrssure is released when the wbeel decelaaeion 
rate exceeds a pmcleurd value. Brake pressure is mapplied at a lowa level aft& a length of time 
appropriate to the depth of the skid Brake pressure is then gradually i n d  until an& incipient 
skid condition is wnsed In general, the cornctive actions taken by these systems to exit the skid condition 
are based on a pre-programmed sequence rather than the wheel speed time bmy. 

Fully modulating systems, the third type of anti-skid systun, arr a frrreher refinement of the quasi- 
modulating systems. The major difference between these two types of anti-skid systems is in the implemcnta- 
tion of the skid corn1 logic. During a skid, camctive action is based on the Knsed wheel speed 
signal. rather than a pre-programmed response. Specifically, ttat amout of pre~urr reduction or reapplication 
is based on the rate at which the wheel is going into or recovering from a skid. Also, higher fidelity 
transducers and u p p i e d  colltroi systems are used, which e n d  mare quickly. 

For applicants who elect to dctermiDe the anti-skid efficiency dinctly from flight tests, d c i e n t  
fli* testing, with adequate i-oa, must k con- to ensure confidence in the efficiency 
obtained. Althougb additional flight ttsring will be mussmy. zhe FAA does not expect applicanfs to 
use this method for detnmining the anti-skid efKciency unless proportionate benefits (3.e.. an increase 
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Such information may, however. appcer in an unapproved portion of the AFM as supp1ernentary ,ddaace 
information. Operators may use this information (as long as it does not conflict with the FAR), but 
are not required to abide by it 

The FAA does not agree with the comment to limit application of the propascd opmhg da 
only to those airplanes certificated after this amendment kcomes effective. Some manufacaaas have 
elected to comply with the standards proposed in NPRM 93-8 prior to the adoption of this final rule. 
The AFMs for the affected airplane types contain takeoff and aackm-stop dis*mce limitations for 
takeoffs on w a  runways, and operators must comply with these limitations, regardless of the date the 
airplane was certificated. Therefore, these amendments to $391.6050(3), 121.189@), and 135379(e) are 
adopted essa~dally as proposed but with a clarificaton that this provision applies to operating iimjtmons, 
if t h y  exi- associated with the minimum dismcs requid for takeoff from wet nmways. As discussed 
earlia, further consideration of m v e  application of tbt requirrments adoped by this final rule wiU 
beaddedtotbeFAAnAAharmonizaticmworkprogram 

Sevaal conrmenm nconrmmd that t t ~ ~  proposed nandards k revised to allow a highs w u  m a y  
braking coefficient UJ be used for grooved nmways or runways treaxcd with a porons friction course 
(PFC) overlay, without the need for additional fight testing. These col~mwtus point out that runway 
friction mcammmt u m  show that a wu runway with grooves ar a PFC srafacc overlay has much 
beaa friction chanctensacs . . than a smooth mface. According to these commemcrs, providing credit 
for the improved stopping capability on rbse h will d t  in significant public safety bcncfiu 
by h d p g  to urpeddt futrae mnwsy impn,vnnants and by providing a strong incentive to propaly 
maintain rhese surf-. The commmtas klim it is n e i k  necessary nor in tbe public inwest to 
avoid or defer this issue, considning the sigdicant effort that has W y  ken made by airport opaators, 
both domestic and foreign, to improve nmway slrrfaocs. 

To facilitate timely action on this ismc, thac commentas propose that the FAA initially adopt 
a value that the cammmtas consider to k vay consemasive (i-e., a much Iowa wet nmway braking 
c&cient than would be ex@). Most of these commenten propose using a w a  nmway braking 
ccdicient for grooved and PFC runways equal to 70 m t  of the dry nmway braking coefficims 
although one commenta proposed a faaor of 80 percent. For comparison prrrposes, one commenta reports 
that tests conducted using a Boeing 737-3R-I airplant showed wet grooved nmway braking mpab'ity 
thar was equal to. or in some cases greata than. 95 paccnt of that obtained on a dry runway. The 
commenters note that a longer tnm rulemaking activity cwld be undertaken in the furllit to establish 
a higher factor, if warranted. 

One of these C O ~ ~ Q I ~ Q S  provided infarmation relative to grooved and PFC runway d t  in Japan. 
This commenm staw that the Japarrese Civil Aviation Bureau allows a wet m w a y  braking coefficient 
of 70 to 80 percent of the dry runway value to k used for grooved or PFC runways. In Japan, most 
of the Nnways at civil airports are goovcd, and paiodic friction smeys  ~ T C  carrducted to assure that 
the surfaces are properly mainraioed These surveys are done by using a cornbimion of visual inspections 
and friction mwming devices. 

The FAA agrees that grooved and pH= runways can offer substantial safffy benefitr in wet conditions. 
The FAA has taken an active role s ine  the late 1%0's in evaluating the benefits of these runway 
surface a-eatmmts and supporn their use throughout the US. Tests cooduned by the FAA, NASA and 
othm confirm that applying a factor of 70 percent to the dry runway braking coefficient as pmposed 
by the commcntQS, would Conservatively represent the stopping performance on properly designed. con- 
smcwd, and maintained grooved and PFC runways. A summary of these rest d J  has been placed 
in the docket The actual friction capabiiity of p v c d  and PFC nmways varies, however, depending 
on valiables such as groove shape, depth, and spacing, mahod used to conmuct the grooves. type of 
pavement surface, volum and type of a i r p h  tmffic, frtquency of pavement evaluarions, and maintenance. 
The FAR currc~)tly do not amtain rmhtoq standards rcgardmg the design, construction, and maintenance 
of grooved or PFC runways, but AC 150/532&12B, "Measurement Conmuction, and Maintenance of 
Skid-Resistant Airport Pavement Surfaces," provides relevant ,guidelines and procedures. 

The FAA concurs with the comwntas' proposal and agees that it presents an apporaurity to provide 
an additional incentive for airport opaators to install and maintain p v e d  and PFC runways. The FAA 
agras that 70 percent of the dry runway braking cafticient conservatively rrpresents the stopping perform- 
ance on properly designed conshuctcQ and maintained grooved or PFC runways. Using a simple factor 
appiied to the d q  runway btaking coefficient is appropriate for grooved and PFC runways bemuse tbe 
braking cafticient's variation with speed is much lower on these types of mnways. 

As noted in the earlier discusion of the parametm affecting wet runway stopping performaace, 
ESDU 71026 contains data comsponding to grooved and PFC surfaces. An evaluation of the ESDU 
data reveals that using a surface ttxturr mibway between surfaces D and E in combinadon with typical 
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anti-skid efficiencies provides appmximarely the same airplane stopping performane as using 70 penem 
of the dry runway braking capability. 

In response to the comments =,oarding grooved and PFC runways, a new 8 25.109(d) is adopted 
to establish an optional wet nmway bralring coefficient for p v e d  or PFC nmways. The braking coefficient 
for determhing the accele-stop distance on grooved and PFC runways is f f i e d  in 9 25.109(d) as 
either 70 percent of the value used to de- the dry nmway accelerate-stop distances, or a value 
based on the ESDU data and daived in a maana consistent with that used for ungrooved nmways. 
Section 25.105(~)(1) is revised u, allow appliamts, at their option, to provide data for grooved and 
PFC runways, in addition to the smoorh suface mway data that is c u ~ m t l y  rtquire& In addition, 

existing §25.109(d) is revised to remove the wonk "smooth" and "hard-mfaccd" and redesignated 
as 9 25.109@). 

Section 25.1533(a)(3) is am& to allow wet mway takeoff &tanccs on grooved and PFC runways 
to be established as additional opeating limitations, but approval to use these dhnccs is limited to 
nmways that have been designed ccmmcd, and maintained in a manner acceplble to rhe FAA Adminis- 
trator. In conjunction, 6691.605@)(3), 121.189(e), and 135379(e) of the apaating rules an amended 
to limit thc use of tbe grooved and PFC wet runway accelerate-nop distmces to nmways that the operator 
has determined have been designed, consmrted and maimaid in a manna acaptabk to the FAA 
Adminisraurr. The pagets) in the AFM containing the wet runway aaelerate-stop distances for grooved 
and PFC runways should contain a note equivalent to tht following: "Tbe accelerate-stop distances 
apply only to mways that are grooved or mated with a parou~ friction course (PFC) overlay that 
the operator bas danmined have been designed, co- and maintained in a manna acceptable 
to the FAA -. , . 

Airplane opasltors who wish to w the grooved or PFC mnway accel~ate-stop dinances must daermine 
that the design. consuuctian. and maintenance aspuxs arc acceptable far each nmway for which such 
credit is sought in making these detaminations, opaators may nly on caeifications from airport operators 
or independent evaluations of nmways. In eitbcr case, it is expected that opaators will be able to d e m o n .  
that thdr detaminations arc well formded Aoceptabk runways should be listed in Pan C of the operam's 
approved aperations speciticatiolls (for tfiose opaatars required to have opeations specrficatiom). 

FAA AC 150/5320-12B provides guidance re- grooved and PFC runway constrnction and 
maintenance techniques that arc considered accqmble to the Adminispdtar. These aim for obtaining 
operational approval to use the grooved and PFC wet runway accelerate-stop dkmccs an consistent 
with the ,ouidancc provided in AC 121.195(dFlA for approval to use operational landing distances for 
wa  runways. After adoption of this W rule, the FAA aiso h d s  to include this information in 
an update to AC 91-64 "Water, Slu& and Snow on the Fbnway." 

Under the proposals for 6025.109(c) and (d) in NPRM 93-8, w a  runway accelaate-stop distances 
may include the additional stopping force provided by nvene thnrst; however, including rhir stopping 
force would be prohibited when demmmm . . 

g the dry runway accelerate-stop distances. Most of the com- 
mentas supported the proposal for wet runways, although several commentas noted that several important 
aspects wcre not addmsed These arpefts include issues such as reliability of tbe thrust revasus, piloting 
procedures, conmllability in crosswinds, flight test methods, ac. 

The FAA agms that detailed  dance material is needed relative to thrust revenas. to define 
an ac~eptable means to comply with the proposed rrquinments of §25.109(c). As mentioned earlia, 
the FAA intends to propose specific guidance mataial soon as part of a revision to AC 25-7. In genual, 
the FAA intends to pmpose that: (1) Acceptable procedures should be developed and demonstrated, including 
the time needed to accomplish these proadurrs; (2) the rrsponses aed interactions of airplane systems 
should be taken into accotmt; (3) thc rccommnded level of revase thrust should be easily obtainabk 
under in-service conditions (e-g., by providing a detent or other tactile mcthod of thwt selection); (4) 
directional c a m 1  should be damnsm& with maximum brddag on a wet nmway witb a ten-knot 
crosswind from the most adverse direction; (5) the probability of failure should be no mare than 1 
per 1000 sclecrions; (6) inoperative thrust revenas at dispatch should be taken into account; (7) &sfactory 
engine opaating characteristics should be demonsaated; and (8) appropriate flight tests should be conducted 
to detamine the effective stopping force provided by revase ttausf and to validate the total stopping 
force provided by all of the decelerating means. 

One commenter proposed an amendment to the existing §25.109(c) to clarify that a finding of 
"safe and reliable" for any decelaarion means otha than wheel brakes must rake into account the 
interactions aud interdependencies of the various systems involved, and that consistent results must be 
expected under all conditions covend by tht AFM. This comment is directed primarily at a landing 
situation in which slippcry runways and higher than normal approach speeds could thwan or delay sensing 
logic for determining whether the airplane is on the ground Consequently, rhe opaation of any decelemion 
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means that can only be activated oo the ground (e.g., gxcmnd spoilus and tInust rwmers) would also 
be delayed. 

Under the existing 8825.109(c) and 25.1309, tht FAA alnady reviews the system apaation and 
intercompatibility issues that wauld be addressed by thc commaner's proposed changes to §25.109(c). 
Tbereforc, the FAA considers these propoJed changes to be annecessary. 

One cornmenter noted that the same w n s  in the FAA's proposal for denying accekraft-stop disance 
credit for the use of reverse rhrust on dry mways also apply to w a  nmways. Therefore, if dry runway 
accelerate-stop distances need tbc safay margin provided by not including the effects of revase thrust, 
then so do the wet nmway accelaatc-stop dinanas. The FAA does not concur. As stated in rhc discussion 
of the proposaL the FAA bclicves that tbe addi&nd slfery provided by not a a x m b g  for r w a ~  
thrust in calculating the accelaatc-stop dis*ince an a dry runway is necessary to offsa otba variables 
that can significantly affect tbe &y runway eccdaate-stop performanu. Examples of variables that can 
significantly affect the dry runway erxrlaate-stop pafonnance incbk  runway slPfaces that provide poorer 
friction characreristics than the mnway used during fight tesrs to daamine stopping perf~rma~lu. dragging 
brakes, brakes whose sopping capability is M because of beax e a h c d  from previous braking effarts, 
etc. Although these variables may also be presem for wet nmways, thdr effcas are a d q m d y  covered 
by the adopted method of detamiaing the stopping capability on a wet runway. This method provides 
a margin of safay by using consnvative assumptions rqarding runway snface rsxarre, tire mad depth, 
tire inflation pressure, anti-sidd efficiency, erc. 

Desptte the nasons the FAA ptsened in NPRM 93-8 for denying accelaate-nop dismce credit 
for the use of mwsc thrust on dry runways, smral cammanas propose that revase thrust credit 
be permitt4 at least to the exteat that it o&ras any pchmmce degradation dne to worn brals. 
These commencers claim that the majority of the factors degnding accelerate-stop pdomana have been 
taken into acu>unt; thaefore, it would be appqxke to include the positive effea of revase timas 
These commenters also note that reverse thrust apability is provided on nearly all commrdal jet aanspon 
airplanes, cumnt thrust reversers are reliable. flighrcrews at trained to w revase thrust, and its use 
is a normal part of operational stopping procedures. Also, the probability of a t b s t  rrvmer failing 
to operate, combined with the probability of all braLcs being at the fully worn limiS is very low, 
and thae would be an even lower probability of these faaon omming in combination with a rakeoff 
rejected from a critically high sped Under tbe pmposal offered by most of rhese commenters, the 
dry runway acce1a;rre-stop distance would be rrquued to k the greara of eitkr: (1) The distance 
dcttrmined using new braLcs witbout revase thrusf or (2) the disma dsmrhcd using warn brakes 
with reverse thrust Since item (1) cornsponds to the cllmnt standardf this proposal would not reduce 
the accelerate-sop distance to less than what is cumntly required The effect of the commentas' proposal 
would be to offset any loss in stopping capability associated with warn brakes. 

As stated pnviously, the FAA considen that the additional safety provided by not including the 
effect of reverse thrust for the accelaate-stop dimncc on a &y nmway is n e x s a q  to o m  orhe 
variables that can sigmficautly affect the dry nmway accelerate-stop pafonnance. e&a of these 
other variables on the dry runway accelerate-stop distance arc unchanged by this rulemaking. Although 
the pan 25 ainuortbimss srandprds are king made more stringent by adding requirements related to 
worn brakes and wet runways, the overall effect of these additioas arc panially offset by the change 
in the method used to account far the time it takes the pilot to perfam the p c d m s  for rejecting 
the takeoff. Funha alleviating provisions are inapprapnate because they wonid umcepmbiy reduce the 
level of safety. Therefore, §§25.109(c) and (d) are amended as proposed in NPRM 93-8. except that 
they have been redesignat& as paragraphs (e) and (0, rrspectively. 

As part of tht proposed wet m a y  standards 8025.113(a) and (b) would allow the airplane's 
height over the end of the runway (known as thc screen height) to be rrduced from 35 feet on dry 
runways to 15 feet on w a  m a y s .  Some commmras object to reducing the xreea height for wet 
nmways, stating that safety m a q h  would be reduced for takeoffs that arc continued following an engine 
failure. One CommQlfcT would accep a minced screen height only if opaaum are f i m  nquirrd to 
use the confi,g.tmion that provides the kst short field performance. The FAA response to the latter 
comment was provided in the dhssion of the commnter's proposed c- to 825.105(a)(2). 

The FAA pmposed rrducing the required screen height for wet runways to rc-bahcc the available 
safety margins, in a manucr that does not impose significant costs on airplane opaators when taking 
off from a wet runway. On a wet runway, the distance needed to stop the airplane increases signrficantly 
due to rhe reductd braking effectiveness. On tbc 0th band, the disrance needed to wmpiae a continued 
takeoff is generally unchanged from that needed for a dry runway. By reducing tht required screm 
height on a wet runway, a lowa V1 speed can be used The effect of lower V, speak will be to 
reduce the number of rejected takeoffs that occur on wet runways, and to reduce the speed from which 
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these takeoffs are rejected The laaer effect is considaed especially important kcause the braking capability 
on a wet runway is significantly poorer at higher speeds. 

As noted by one of the comwntas, any duction in the number of takeoffs that are t t j d  
will produce an equal number of additional conrinued takeoffs. &cause of the lower VI spaed the 
airplane's height over the end of the runway for these takeoffs, as well as the ensuring flight path. 
will be lower than would normally be achieved on a dry runway. If a clearway area is available, however. 
tbe minimum height of the airplane over the end of a dry nmway may, under the crarent standards, 
be as low as 13 to 17 feet On this basis, the FAA considers a minimum screen height of 15 f m  
to be acceptable when the runway is w a  

Allowing the screen height to be nduced on wet ruoways also rrQces the cost burden imposed 
on airplane opuators by the wet runway stadads. By taking into account the degraded braking capability 
on w a  runways, these stardards may reduce the maximum weight at which tbe airplane wodd be allowed 
to take off b m  a given nmway. If a screen height of 35 f#t were mained for wet runways, an 
even grrarer reduction in takeoff weight capability could be n a x s q .  

Ln the proposed §25.113(c), the FAA intended to require that the minimmn s a e a !  height on a 
wet nmway with a clcanvay would not be lower than &CT. (1) 15 f e q  or (2) the screen height 
that could be achieved if the runway were dry. A clearway is an area at least 500 feet wide beyond 
the departure end of the rnnway tfiat has no obstacles protruding above a 125 percent upward sloping 

. 
@ent On a dry runway, up to one-half of the dhancc traversed between liftoff and a height of 
35 feet may be over the clearway. As noted eariia, the saeen height (i.e., the height at the end of 
the runway) achievid on a dry nmway with clcaiway may d up being as low as 13 feet Accordingly, 
a higher takeoff weight is possible w k n  a clearway is preseat The words "but not beyond the end 
of the runway" included in the proposal for 825.113(bX2) would effectively requkc the wet nmway 
screen height to be not less than 15  fee^ Under th proposed wording, therefore, the presence of clearway 
could not be used to incxeasc the takeoff weight on a wu runway. Also, in some bmccs ,  the minimum 
screen height on a wet runway would be higher than that for a dry runway. 

Several cmmmtas expressed confusion over tbe discrepancy b e e n  the FAA's intent, as e x p d  
in the preamble to NPRM 93-8, and the proposed wording for §§25.113(b)(2) and (c). One commenter 
noted that the words "but not beyond the end of the runway" appear to inappropriately introduce an 
operating rule into thc type design standards. This commenta also notes that the quoted phrase does 
not appear in the JAA's equivalent NPA. This commmter further m g g g  that removing the quoted 
phrase would accomplish the FAA's stated intent of allowing a very limited takeoff weight increase 
on wet runways when clearway is ~ t .  

Another comment= rccarnmends that maximum clearway credit be parmaed in combination with 
the 15-foot smen height on a wet runway. The co- notes that V, speed could then be reduced 
even further, thus providing additionai safay in the event of a rejected rakboff on a wet runway. The 
FAA infers that this c~mmc~ltcr is proposing that half of the distance traversed benvem liftoff and 
a height of 15 feet be pamittcd to occur over the clearway. Because of the parabolic shape of the 
flight path, the airplane may end up being only five to eight feu high at the end of the nmway. 
The p i n t  at which the airplane lifes off would thus be very near the end of the runway. As discussed 
in NPRM 93-8, the FAA considers such a sinmion to be unaccepable. The possibility of standing 
water on the wet runway, or operational considemions such as a late or slow rotation to the liftoff 
artiauie, emphasize the need to require liftoff to occur well before the end of the runway. 

Other commentas. including an intunatid assodadon representing airplane operators, suggest that 
the potential benefit provided by the FAA's intended proposal regarding clearway on a wet runway 
is so small that it is insignifiumt These commntas are willing to accept the slight cwsenatism associated 
with prohibiting credit for cluaway in conjunction with the 15foot screen height on wet runways in 
favor of simplifying and clarifying &e rule language. The FAA concurs with this comment and is amending 

25.1 13 accordingly. The phrase "but not beyond the end of the runway," contained in the proposed 
8 25.1 13@)(2), is removed. The proposed 0 25.1 13(c) is clarified to prohibit a scseen height of less than 
15 feet on a wet runway. If the limiting takeoff distance is determined by the allzngines-operating 
condition, where the minimum height at the end of the takeoff distaace remains 35 feet clearway credit 
is allowed on a wet runway in the same manner as it is allowed on a dry runway. Also, $25.113 
is amended to add the provision that in the absence of clearway, the takeoff mn is equal to the takeoff 
distance. This provision is added only to ensure completeness of the definition of takeoff mn within 
the airworthiness srandards and is in accordance with standard indusuy practice. The current requirement 
does not define the takeoff nm when clearway is not present 

Some c0mnmm-s apparently misunderstand some aspecu of the wet runway standards, especially 
the effect of 25.109(b)(l) and 25.1 l3(b)(l). These sections require the accelerate-stop and takeoff distances 
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on a wet runway (at the wet runway VI speed) to be at least as long as the carrsponQng dismccs 
on a dry runway (at the dry runway V1 speed). Th& requirrmmts thefore enrun that tbe maximum 
takeoff weight for a wet runway can neva be hi* than that allowed when tbe runway is dry. In 
practice, applicants should use the following procedmt to dererminc W f f  pafarmaace when the runway 
is wet Frm, conduct the takeoff performance analysis assuming the m a y  is dry. Then, npeat the 
analysis using wet runway data including the wa mway Vl speed The lowest takeoff weight from 
these analyses is the' maximum takeoff weight that can be used when the runway is wet For this 
takeoff weighs &tennine and compare the acceltrcrte-stop and takeoff distances applicable to both dry 
and wet conditions. The longa of each of these md takeoff distances apply when the 
nmway is wet 

The FAA received only one comment rrLated to the proposed change to $25.115(a). This proposed 
change would allow the airplane's height o v a  any obstades to be reQced by an amoum comsponding 
to the rcducui snem height dowed when taking off from a wet nmway. The camenter suggested 
that the cumnt obstacle ckarana crituia should be updated to represent mom realistic operational condi- 
t i o n s . T h e c o m n a e m a i s n f n r i n g t o t b c c r h a i a ~ t o e v a l ~ w ~ t h t o b s P c l t m u s t k c l a n e d  
vertically, or whetha an opaator can consider the obaafle to be laudly  outside of thc airplane's 
~TheFAAiscurrearly&wlopingaaadvisorycircplarthatwill~thisissueindetail .Therdon, 
5 25.1 15(a) is ameaded as pqoscd. 

The FAA &ved several commas on the propased changes to 325.735. One commcnter proposed 
that 8 25.735(f) =fa to the wear cooclition that provides thc least effective braking pafarmance. This 
commtnt is related to a similar comment regarding §25.101(i). As discussed in rrsponse to the earlia 
cornmen5 the FAA believes that thc fully wan condition will always provide the least dzecdvc braking 
perf~zmazlce. 

This cammcllfcr also suggesls that the flight test proposed Mda 325.735(g) is unnecessary. The 
commenfcr proposes that a flight test should k nquirrd only if poor axrelation exists between dynarnomcfer 
test results and flight wt ruults. The ~ommaun also klieva that a rejeaed takeoff may not reprrsau 
the most severe stopping condition. For example, landing ar the maximum landing weight with the flaps 
noacr#l may involve higber swpping mergk. For this reason, the comwnta suggesn that §25.735(g) 
wfer to the most severe stop ratha than a r e j d  takeoff. 

The flight test pmposed in 3 25.73%) is tht only flight tst that would k required to be conduaed 
at a specific brake wear leveL The FAA considers this test to be a necessary damnwration of the 
airplane's ability to safely stop unda the most critical r e j d  talceoff condition. For the rmain&r 
of the flight testing to dauminc the rrjccted M and landing stopping distaaces, tk brakes may 
be at any wear level dcsind by the applicant (including new brakes). Dynamometer testing could be 
used to detamine the diffawce in Stapping capbiliry baareen fully worn brakes and the brake wear 
level used in the flight rests. This would k applied to the flight tcsr & to dcmmbc 
thestopplngdistaacesforfullywornbrakes. 

For the paposes of this demonsuatim, the FAA considers the maximum kinetic energy rqjeaed 
takeoff to be the most critical stopping condition. Tkefcae. tht FAA doe not amaa wim the cammentcr's 
suggestion to replace the reference to rejazed takeoff in the flight rest demansntim with a rcfemce 
to the most severe stop. However, &om a brake approval mdpobt, tie FAA agrees that the brakes, 
in the fully worn condition, should k capable of absorbing the enagy prodwd Qriag the most severe 
stopping condition. The FAA has rasked a -on working group with retommmding new or 
revised nquiremnts for appmval of brakes installed on m q o n  category airplanes, and this working 
group is upecred to r e c o d  proposed sadads addressing this issue. 

Another commemn suggests that the flight test demonmarim nfcrraoed by the proposed 5 25.735%) 
. should include a two-stand ovashoot of Vl, before applying the brakes, to allow for the avenge pilot 

response h e .  The FAA docs not concur with this c o ~ t  because V1 reprrsmo the highest speed 
a which the pilot should take the f i s t  action to reject the takeoff. Also, the pocedures used during 
the flight test demonstrarjon, including the time at which the pilot applies the brakes, should be consisrent 
with the rejected takeoff procedurrs provided by che applicant in the AFM. 

One commater proposes thax $25.735(f) be clarified to allow for other devices idmmt in a ppticnlar 
airplane design thac may k used to dissipate energy. Failme to allow such credit, claims th: commentcr, 
will diminish the value of technological improvements in energy dissipation devices that an likely to 
be introduced to improve airplane stopping performance under wet m a y  conditions. 

The a n t  8 25.735(f) allows for tk use of the same dectlaating means to datrmine tbc brake 
kinctic energy capacity rating as an used to deramine thc dry runway accelerate-stop distances. The 
energy absorption capabiliry of rhe brake is , m y  morr of a concern on a dry runway than on 
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a wet runway because of the di&rence in deceleration capability. To receive credit for energy dissipation 
devices that are likely to be introduced to improve airplane sopping performance unda wet nmway 
conditions, these devices must also provide proporbonate benefits whm the nmway is dry, as well as 
meet the safety and reliability Criteria of the amended f25.109(e). W~thin these consuaints, the FAA 
wil l  consider any technological improvements in energy decelaarion devices at the time such devices 
are proposed for evaluation. 

Two commenters suggest that the proposed ammdma~ to associate the braice energy rating of 
f25.735(f) with brakes in the fully worn condition is h p p p i a &  and could lead to confnsion duing 
the brake approval process. These commenms concur with the intent that each wheel-brake assembly, 
when fully worn, be capable of absorbing the maximum kinetic am-gy for which it is approved. However, 
thrse rmnmacs note that the kinetic mergy level defined in 025.7350 is the same energy level 
used in Technical Standad Order CTSO>.c26c for demonsating the capability of the brake to successfully 
compkte 100 landing naps with no refrPtriShmeDt or ocha changes made to brake system components 
(except for one change in bnke lining maprial). o Z 2 6 c  conraios minimum performan~t standards 
for aircaft landing wheels and wheel-brake assemblies and specifies the braLe dynamometer tests to 
ckmonsuau compliarrce wirh these stllladarb) Because of the nlatioaship bemeen §25.735(0 and tht 
TSO, any change to the definition of the energy level in §25.735(f) would presumably also apply to 
the TSO. Since the TSO 100-stop wt is intended to verify that the brake has acceptable st& 
durability, ratha than to dcmommc the capability to suax&lly complete a high energy stop in the 
fully worn condition. the combination of the wom condition with the TSO enagy level would k inappropri- 
ate. A brake that is fully worn at the kginning of the IWstop wt woald be unable to successfully 
complete the test 

One of the commcntcrs notes that the TSO also quires a test involving one stop at the maximum 
rejected takeoff kinetic enagy. Accordiag to the commenter, it is this test that shouid be coaduaed 
with a fully worn brake. The energy m h g  demonmattd by this test is not explicitly referenced in 
pan 25, but is contained in JAR-25 as JAR 25.735(h). The commcntcr proposes adding JAR 25.735@) 
to part 25 to harmonize rhe two standards and to help clarify the application of the worn brake requirrmmts. 
This commnw also suggests adding references to the applicabk TSO and clarifying that the formula 
provided in f25.735(0(2) need only k modified in cases of designed unequal braking disuibmions. 
Uneven braking distributions can uniaMtianally occur during tligbt tests, but this charaaensa . . 

C cannot 
be predicted during the design or qualification stages for which f25.735(f)o(2) is relevam 

The FAA concuss with these praposals As amended, Q25.735(0 defins the landing kinetic energy 
rating to be used during qualification resting per the applicable TSO or ofher qualification testing used 
to show an equivalent level of safety, as ncccsaq to obtain tbe approval required by f25.735(a). The 
proposed refereslce to a fully worn brake is inappropriate in this section and has been removed In 
the pmposed revision to AC 25-7, for which the notice of availability is published elsewhere in tbis 
issue of the Federal Regisrer, the FAA proposes to clarify that tbe relevant TSO 100-stop test may 
begin with a brake in any condition representative of service use, including new. In addition, a new 
§25.735@), based on JAR 25.735@), has been added. This section is similar to f 25.735(f), but defines 
the rejected takeoff, rarhcr than the landing kinesic energy rating mcd in the applicable TSO. Unlike 
the landing brake kinetic mergy rating, tht rcjar#l takeoff brake kinetic energy rating must be demonstrated 
with a fully worn bralc. Fmally, both the revised §25.735(fX2) and the new f25.735(h)(2) require the 
refacnced formulae for detarmrun 

. . 
g the brake enagy capacity rating to be modified only in the case 

of designed naequal bxaking ~ h t i o n s .  The fonnat of the existmg f25.735(f)(2), with respect to this 
provision, has been adjusted to conform to Fednal Regincr formatting guidelines, and the new f 25.735@)(2) 
has been farmaned similarly. With these changes, the fiaal rule  bat^ matches the intent of the NFRM 
93-8 proposals, and also harmonizes these sections with JAR-25. 

The FAA intends to revise T S O a 6 c  to be consistent with these amendments to 825.735. The 
Aviation Rulemaking Advisory Committee ( A W  has been chaitaed with mxmumding appr~priatc 
changes to the TSO. C m t l y ,  the FAA envisions issuing dx revised TSO, applicable to transpon category 
airplants, uoder a new designation, TSOX135. 

One commenter suggests that the proposed §25.735&) should be & I d  This comrnenter believes 
that this proposed flight test requirement is misplaced in the brake design and construction section of 
part 25. The comrnenter sugggts that this issue should be adQessed in the flight test ,ouidance provided 
in AC 25-7. 

The FAA concurs that the proposed flight w t  requirement would be betux placed elsewhere, but 
does not concur with completely removing it from part 25. As stated previously, the FAA considaJ 
this test to be a necessary demonmation of the airplane's ability to safely stop under the most critical 
rejected takeoff condiaon. In addition, tbe FAA intends for this test to determine or validate the AFM 
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acceierilte-stop distance for this condition. Thaefore, the pmposed 9 25.7353) has been reworded to clarify 
tha~ the akplane must stop within the accelerate-stop dis*ulcc and is adopted as §25.109(i). Emsang 
$25.735(g), which would have bean ndesignnred as §25.735@). remains as 525.735(g) in the adopted 
rule. 

The FAA received one comment rrgarding the proposed axrmxhmt to $25.1587@). The objective 
of this proposal is to require that takeoff pufomamx infommkm f a  wa m a y s  be included in the 
AFU The commcntcr agrees with this objective, bn! notes that $ 25.1587(b) addresses perfomancc informa- 
tion other than that which would be a f f d  by the Emface condition of the takeoff nmway. The commmter 
suggests that the proposed amendment insread be placed in §25.1533(aX3), which address opcming 
limitations based on the minimum takeoff distan#s. The FAA concurs with this cammem Thaeforq 
the pmposed change to $25.1587(b) has been nmoved, and 825.1533(aX3) is revised accadiagly. The 
adopted ammimeat also conects a typognphical aror in existing $ 25.153Xa). idmtified by &is commnta, 
by replacing the r d ~ t l ~ ~  to $25.103 with a rrfaence to $ 25.109. 

One wmmcllttr strongly endomes a quimnax to add a taboff pa-bmme monitor to the flight 
deck of all airplants to help pilots damnine wbahcr a c a b E  should k rjeaed or continued. The 
commenter nates that modan aa~spon category airplanes alnady contain most of tbt necessary insawmm- 
tion. According to the commeotcr, ail all would be be would be a display and a dedicated processor 
to compute the data to be dsplayed 

The FAA has participated in past evaluations of systems designed to monitor thc perfomance of 
the @laRC during the takeoff. SUCh SyStCmS l yp idy  Compare tk airpla~e's aCUd pafarm8ace, as 
deramined by airplane i n s m t a t i o n ,  with the perffonnrmce predicted by the A M  If the airplane's 
performance is less tban prcdicred the pufomaxz sholtlall wouid be indicared by tbt monitor. In addition, 
the takeoff speeds, VI and VR. c o d  be couched with the point on the runway at which they should 
be reached. This information owtd assis pilots in danrmrung . . whetha it is safer to reject or to continue 
the rakeoff. 

The FAA suppans efforts at Klproving the g-go decision process. Advisory C i  25-15, 
"Approval of Right Management Systems in Transport Category Airplanes," provides a means to obtain 
FAA approval of a takeoff performaacc monitor function as part of a flight managanent system. However, 
takeoff performance monitors are not yet safl icidy reliable n a  arc they sopbidcatcd enough to wanaut 
requiring their addition to the flight deck of oaasport category airplanes. Varying winds drPing the rakeoff 
or a runway with a variable slope may came the monitor to p v i d e  a false indication. The FAA is 
also conceilled that the number of high speed rejected takeoffs could increase as pilots delay action 
to determine, for exampk if an initially sub-par accelaation is wrread Also, unnecessary rejected 
takeoffs conld occur as a result of small difference between the predicted airplane acceleration and 
the actual airplaae's acceleration as ddcrmimd by the onboard immmmmion. A takeoff OD.@ormance 
monitor would need to consider all of the variables reflected in the takeoff performance data, such 
as aanosphaic conditions, airplane flap setting, dxust level (iluding m h c d  and derated takeoff thrust), 
runway length, slope, and surface condition, ex. It is possible to design such a system, but cumnt ' 

systems have not demmsPated a safety b e f i t  o v a  du information cumDtly available to tbe pilot 

The same commnrer recommends tha! the FAA undataLe a study using reKarch simuIators to 
validate airp]ane/pilot p a f o m a ~ ~ ~  in obstade h i r e d  caked% with engine failraes. The objective of this 
study would be to detcrmiw if thac is a high degree of nliability that the combined airplanelpilot 
paformaue is acceprable. The commcnra feels that such a study is essenrial to c o n . o n s  of lower 
screen t#igb, tailwind takeoffs, and pilot decision making w b a  the takeoff weight is limited by obstacle 
clearance considerations. In the interim. the commenter s u g m  that that FAA adopt more saingent obstacle 
clearance criteria, such as those contained in the lnranational Civil Aviation Organitation's (ICAO) Annu. 
6, Anachment C, Paragraph >Take& Obstacle Clearance Limitatiom. 

Section 25.111 cumntly nquires applicants to duemine the airplane's takeoff path, which begins 
with tbe start of the takeoff roil and ends approximarely 1,500 f a  above the takeoff surface. Unda 
$ 25.111(d), applicants must wnduct fligbt tests to ensure that the airplane can achieve the takeoff path 
presented in the AFU The takeoff pa& data, and the flight test demo&ans must be based on 
the procedures established by the applicant for aperation in savice, and assume that one engine fails 
at V- Except for automatic propella fearhering and &on of the landing gear, the airplane d ,&on  
must remain constant. and changes in powu or thrust that require a d o n  by a pilot may not be made 
until the airplane reaches a height of 400 feet above the takeoff surface. 

In addition to the rakeoff path determined undu $25.111, $25.115 rtquim applicants to detamiae 
the net takaoff flight path. The n a  takeoff flight path begins at the end of the takeoff distance and 
is qual to the takeoff flight path with the gr&ent of climb reduced by: 0.8 pmrnt  for two-engine 
airplanes; 0.9 percent for threeengine airplanes; and 1.0 percent for fourengine airplanes. These adjustments 



PREAMBLE TO AMENDMENT 91-256 PART 91 

to the airplane's demonsuated climb gradient capability represat a safety margin for use in complying 
with the obsrade clearance requirements prescribed by the applicable opaatia,~ rules. For airplanes operated 
under pans 121 or 135, the n u  takeoff flight path not only must dear all applicabk obstades, but 
must clear rhem by a height of at least 35 f a  

The current ainvorthincss staDdards already address the issues tbe commenter praposes for further 
m y .  For each pan 25 airplane typc design. applicants must cm&ct flight tests to validate the capalniity 
of the airplane, using normal piloting acrions, to achieve the published fight path. Safety margins arc 
then added to ensure that this flight path adequately clears all applicabk obstacles. 

The obstacle clamice ai ta ia zecommeaded by ICAO would q u i r e  airplane opaaum to consida 
a larga ground area to be unda the taLeoff flight path whn determining whicb obaacles must be 
cleared vertically. An obstacle that can k considacd to be c i d  laterally Pnda cuxcnt FAA practices 
may have to be cleared vertically under the ICAO rCCOrmMOdati01)~. This change could result in restciaing 
the amount of cargo or passengers to be d e d  bscaPse the airplane's v a t i d  flight path capability 
is directly related to its takeoff weight The FAA is camntly d d h g  an advisory cinular to provide 
s t anddbd  guidches rrgarding the CXM of the ground area that must be considered wkn detarmnu! 

. . 
g 

which obstacles must k c l d  vertically. 

Rfwl-rg babtion S n m m a ~  

Praposed changes a Federal regulations m m  undergo several economic analyses First, Executive 
Order 12866 dincts that each FtQal agency shall propose or adopt a regulation only upon a rrasaned 
determination that the bm&ts of the intmded rcgulatlon jusbfy its costs. Second, the Regubxy Flexibility 
Act of 1980 requires agencies to analyze the economic effect of ngulatory changes on small entities. 
Third, the Office of Management and Budget directs ageDcies to assess tbe effects of rrgulatory changes 
on intcmarional trade. In canducting these analyses, the FAA has detanrined that this de: (1) Wrll 
generate benefits that justify its costs as defined in the Executive Order; (2) will not have a s iwcan t  
inpa on a substantial number of small entities; and (3) will not constitute a barrier to international 
mdc. These analyses, available in the docks, are sunmzarited below. 

In orda to analyze the potential net costs of the de, this evaluation considers a hypothetical production 
program for a reprrsurtative new type catifcarion. This example assumes that: (1) InQcmtlltal &cation 
costs arc incurred in year "0". (2) prcdmh starts in year "4", (3) the first airplane enten SerYice 
in year 'Y, (4) M airplanes are produced per year for ten yeas so that total production equals 500. 
(5) each airplane is ntind at the end of its 25 year design savice goal, and (6) the discount rate 
is7percent 

The analysis of COSTS is divided into two cases: one which assumes a brake &sign 
that exhibits little decline in brake performance with wear, and anorha which assumes a brake design 

. that exhr'bits a decline in brake pcrfonnance with wear. 

In the former case, the average reduction in dry runway accelaate-stop disrance associared with 
the revised 2-second-at-V, rrquinment is grwcr than the avaage increase in accekrate-stop distance 
associated with the worn brake rqpirrment This will result in a nduction in opaating costs of approxi- 
mately $5,105 p a  airplane per year, a $128,000 per. -lane ova its savice life (in nominal tams). 
However, approximately oee tbid of W f f i  would be conducted using the wet runway accelerate- 
stop distance. Under the production m and cost aSSOmpci01ls enumaated above, the wet runway amendments 
will add approximately $2,700 to operating costs pa airplane pa year, or $68.000 per airplane ova 
its service life. Thacfm, na operating costs under this design assumpoon will decline by approximately 
52,400 p a  airplane per year, or $59,400 per airplane ova its savice life. Total costs (includin, 0 consideration 
of incremental -cation and development costs), then, will be reduced by approximately S28.9 million 
for the 500 airplane fleet over its 34 year senice life. On a discounted basis, total fleet costs will 
be reduced by approximately $75 million. 

In the case whae brake performance is assumed to decline with wear, the avaage reduction in 
dry runway accelerate-stop distance associated with the revised 2-second-at-VI requirement is offset by 
the avaagc increase in dry runway accelerate-stop distance associated with thc worn brake requirement 
Again, however. the wet runway requirements will add approximarcly $2700 (in nominal tams) per 
year per airplane to operating costs. Tkcforc, lifetime incremental costs (again including consideration 
of incrrmental cerrification and development costs) for the 500 airplane fleet an approximately $34.9 
million, or $9.6 million on a discounted basis. It should be emphamai, howeva, that FAA anticipates 
that future airplane models will incarporate brake designs that exhibit little reduction in braking force 
with wear. 
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The rule will have sigaifi~~llt safety implications owing to the fact tbet it cTattts economic incentives 
for rnanufaaurax operators, and airports to adopt procedures which reduce takeoff hazards. While thtse 
anciUary safety benefits are not dkcctly valued in this economic analysis, they are discussed in a qualitative 
way below. 

The rule's worn-brake provisions will have important safety impPnr For airplanes that c o n k  
to make use of brake designs in which b r W g  capscj. decliaes with wear, the mle provides an incentive 
to d u c e  the specified level of allowable wear in raurn for som M m  in axekatc-stop dinances. 
In this way, accelerate-stop dimnccs arr more closely r e i d  to acmal brake pcrf~rmt~ce. 

Existing regulations do not distinguish berwem dry and wet nmway surface conditions. The acridem 
history, however, shows that wet nmway rcjeaed Wff ovmun accidents m fw a disproportionate 
share of the total. In fact, the w a  runway njected takeoff accident rate (involving substantial damage 
or hull loss) is seven times patex than the dry nmway acci&nt rite. The rule cnkmccs safety by 
taking into account this hazardoos talreoff amditim. FirsS it direaly inaeases accekraP-stop margins 
for wet nmway conditions. S e d  it creates an e c o a  incentive to develop more &gent mabmane 

f a  skid-nsistant m y  surfaas 

The Regulatory Flcxiity Act of 1980 (RFA) was enacted by Congnss to ensme that small entities 
are not unnecessarily and drspmpnrio~~f~ly  burdened by gw~rrmcllt regplations. The RFA nquirs agencies 
to review rules which may have "a significant awrnopaic impaa on a spbnaatial number of small entities." 
FAA Order 2100.14A, R e g W r y  Fluibil@ Critcrirr and ~~c spec@= small entity size and cost 
thresholds by Standard hdtscrd Ciaecification (SIC). Entities potentially a f f d  by the rule include 
manufactures of m q o n  category airpiancs (SIC 3721) a d  operators of aircraft for hire (SIC 4511). 

There arr no manrrfacarnn of mnspm category a i r p h  that meet the SIC 3721 size thrrshold 
for small entitics (75 employees). However, small air carrias opaating oanspon caegory airplanes could 
be affected by the rule. Order 2100.14A defines a small canim as one owning 9 or fewer airaaft 
The definition of "si@cant economic impaa" varies by air type: for aperaross whose fltets 
consist entirely of aircraft having a seating capacity of more than 60 passengers the tfatshold is S123.445. 
for other operators the threshold is $69,005. 

Under the most collservative (that is, most c o w )  compliance aESUmptions, tbe rule wil l  inncase 
operating costs by approximarely $2700 per a k p h  pa year, or $24300 pa year for a nine-airplane 
fleet Assuming that all incremental catificatian costs arc passed on to the opaator, dK mle would 
increase the pria of an airplane by $1.570. When this is amortized over the 25-year life of thc aixpiam 
(assuming a 7% discount rate), the inmmad cost per airplane is approximately $126 pa year or 
$1.134 per year for a nine-airplane fleet An upper-bound estimate of rhe a d  impact of the proposed 
rule to small operators, then, is approximately $24300 + $1,134 = $25.434. FAA holds. thacfore, that 
the rule will not have a significant eumomic on a subsmtial number of mail entities. 

Title II of the Unfunded Mandates Reform Aa of 1995 (the Act). enacted as Pub. L. 10Q-Q on 
March 22, 1995, requires each Fedaal agency, to the extent pamieed by law, to prepare a written 
assessment of the effects of any Federal mandate in a proposed or final agency rule that may result 
in the expendim by State, local, and mbal govannamo, in the aggregate, or by the private sector, 
of $100 million or more (adjusted annually for inflation) in any one year. Secrion 204(a) of the A- 
2 U.S.C. 1534(a), requires the Fedaal agency to develop an effective proass to pamit timely input 
by elected officers (or their designees) of State, local and aibal governments on a proposed "significant 
intergovernmental mandate." A "significant intergovernmental man&c" under the Act is any provision 
in a Federal agency regulation that will impose an enforceable duty upon State, local, and nibal g o v e ~ t s ,  
in the aggre,m, of $100 million (adjusted annually for inflation) in any one year. Section 203 of 
the Act 2 U.S.C. 1533, which suppkumts seaion 2W(a), provides that before establishing any mgulau,ry 
requirements that might significantly or uniquely affect small govemmmts, the agency shall have developed 
a plan that among other things, provides for notice to potentially affected small governments if any, 
and for a meaningful and timely oppormnity to provide input in the development of re0@tory proposals. 

The rule does not contain any Fedaai intergovernmental or private sector mandate. Therefore, the 
requirements of Title II of the Unfunded Mandates Reform Act of 1995 do not apply. 

Recognizing that nominally domestic regulations oftcn affect international trade, the Office of Manage- 
ment and Budget direas Federal agencies to assess whether or not a d e  or re,@arion will have the 
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effect of lessening tb resaaints of any aade-sensitive activity. The FAA detamines that the subject 
rule will reduce barriers to international trade. 

The rule collectively places US. and foreign tramport airplanes on a more equitable basis regarding 
their marketability. The standarditation of certification c r i b  between the FAA and the Joint Aviation 
Authorities (JAN of Emope, and the eqPalization of safety levels for pre- and post--t 21- 
42 airplanes eliminates the slight comparative disadvautage experienced by catain foreign airplanes. nK 
requirement regarding the tw*s#y)nd margin allows European-produced airplanes cacified under Amendment 
2542 to becow slightly more Competitive against canmt prodPction US. airplanes that were not cereified 
under Amendment 2542  by marpally expanding their takeoff envelope. 

The regulations adopted haein will not have substaatial direct dens on the States, on the relationship 
between the r i a r i d  govanmnt and tk States, or on the distribution of powa and responsibilities 
among the various kvels of gownmen!. Thertfm, in a c a d m x  with Exccntive Order 12612 it is 
determined that this final ruie will not have sufficient fedaalism implications to w a r n  the preparation 
of a F&ralism Assessmnt 

btemahnal Civil Aviation Oqmbathn (ICAO) d Joint AvSntioa RqaMkms 

In keeping with U.S. Obligations rmder the Convention on Intanarional Civil A- it is FAA 
policy to comply with ICAO Standads and Recommended Ryt ices  to the maximum extent practicable. 
The FAA has detamindd that this rule does not conflict with any imernatonal agrremeDt of the United 
States. 

In accordance witb the Paperwork Reduction Act of 1990 (44 U.S.C. 3501 er seq.). thae are no 
reporting or rccordkecping requirements associated with this rule. 

Regdatbm Affecting JntmsWe Aviation in Alaska 

Section 1205 of the FAA Reauthorizafion Act of 19% (110 S t a ~  3213) requires the A-, 
when modifying regulations in Title 14 of the CFR in a manner affecriag intrastate aviation in Alaska, 
to considex the extent to which Alaska is not saved by nansponatlon modes other than aviation, and 
to establish such regulatory distinctions as he or she considas appropriate. Beawe this fmal rule applies 
to the catification of fume designs of transport category airplane and their subsequent operation, it 
could affea interstate aviation in Alaska. The Adminimator has considered the extent to which Alaska 
is not served by uansportation modes otha than a aviation, and how the final rule could have been 
applied diffaently to inuastatc operations in Alaska. However, the Administrator has dctcnnined that 
airplanes operated solely in Alaska would present the saw safety mcerns as all other affected ai~~lanes; 
thmfore. it would be inappropriate to establish a regulatory distinction for the inmaate operation of 
affected airplanes in Alaska 

Adoption of the Amtrdwrrt 

In considedon of the foregoing, the Fedaal Aviation Administration amends 14 CFR parts 1, 
25.91, 121, and 135 of the Federal Aviation Regulations (FAR) effective March 20, 1998. 

The authority citation for pgIt 91 conrinues to read as follows: 

~ ~ b r i r y :  49 U.S.C. 10b(g), 40103, 40113, 40120, 44101, 44111, 44701, 44709, 44711, 44712 
44715, 44716, 44717, 44722, 46306, 46315, 46316, 46502, 46504, 46-507. 4712. 47508, 47528- 
47531. 
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